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ABSTRACT 
Tho Geography D i v i s i o n  uf t h o  U. S .  l ~ u r e o u  of Ll~r Census rnust d e t m -  
mine the  niaxin~unl p o t e n t i a l  r x t e n f  o f  urben i rcd  n r c n s  p r i o r  t o  ' l o n d u c t i n g  
, , a Census of P o p u l a t i o n  and i lousiog.  C u r r e n t l y ,  t h e  ninpping t a s k  is  
' 
cunibersoll~c and C i n l e  aonsun~ing,  involving t h e  manual i n  t e g m t i o n  of do cn 
o b t a i n e d  from mony s o u r c e s .  A s  p a r t  of  an ongaillg r e s e a r c h  p r o j e c t  f o r  
p o r s i b l c  u s e  i n  f u t u r e  c e n s u s e s ,  nccu soppi*ng approaches  nre  hoing  ill- 
v e s  t i g a t e d  by t h e  J e t  P r o p i ~ l s i o a  l o b o r a t o r y  . The Geography D i v i s i o n  113s 
b noted t h a t  s o v e r o l  o f  tllc ntap p ruducrs  may be q u i t e  u s e f u l  $11 f u t u r e  mapping oxernSscs .  
A new technology f o r  i l r d i c a t i n g  p o t e n t i a l  expans ion  o f  urban ized  
i a r c n s  has bcaa  developed.  Through implomentnt iaa  o f  t h e  s y s t e n ~ ,  Landsat  
i i ~ a a g e r y  and Inore c o n v e n t i o n a l  types  of  c a r t o g r a p h i c  d a t a  bave b c ~ n  in -  
c e g m t e d ,  and n d a t a  b a s e  h a s  beon praduccd fro111 rrhicl~ v a r i o u s  a s p e c t s  
uE t h o  u r b ~ m  environniont can b e  reprosc l l t ed .  Tl.lem;,tic mops d e p i c t i n g  
I areas aP url)un expans ion  have been d e r i v e d  f o r  t h r e e  nlajor urban regions i n  t h e  United S t a t o e  : O r l a ~ l d o ,  Seoccl ,e,  m ~ d  noseon.  T a b u l a r  r e p o r t s  I 
i 
d 
suliuwririnp, t h o s e  thenles have been produced as ruell .  i 
I 
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(\ SECTION I 
f THE CENSUS-URBANIZED AREA PROJWT 
A. INTRODUCTION I ,d 
<I , I 
r 
i The primary focus  o f  t h i s  r e p o r t  is  t h e  r e sea r& conducted a t  
1 NAsA/JPL i n  suppor t  of t he  Cenaus-Urbanized Area P r o j e c t  (Reference 1-I),  
"' I 
p a r t  o f  NASA's Applicat ion Sys t e m  V e r i f i c a t i o n  and Transfer  (ASVT) pro- a i I gram, Bas i ca l l y ,  JPL was given the  r e s p o n s i b i l i t y  of developing an  
information system capable  o f  I n t e g r a t i n g  d a t a  der ived  from Landsat 
imagery wi th  da t a  c u r r e n t l y  a y a i l a b l e  t o  t h e  Bureau of t h e  Census. Also, 
JPL had been developing image processing techniques t h a t  could be u t i -  
1 
l i z e d  t o  map t h e  urban f r i n g e  from Landsat imagezy. J 
i 
.. 
Most image process ing  t o r  t h i s  proje ,c t  was completed by Smplement- 4 4 
c i n g  programs f tem t h e  Video Image Communication and Retr iey,al  (VICAR) 
I Image Processing System (Referegce 1-2). VICAR was deyeloped i n  t h e  
e a r l y  1960s t o  suppor t  t he  imagfng systems of  JPL's unmanned p l ane t a ry  
L 
space  program. Rather  than a series of independent computer programs, 
VICAR is a fully-developed image processing system t h a t  i nc ludes  'a 
complete i n s t r u c t i o n  set and a un ive r sa l  c o n t r o l  card format. 
L 
I The Image-Based Information System (IBIS) ,  a subse t  of the VICAR 
I program l i b r a r y ,  was used ex t ens ive ly  f o r  d a t a  processing.  Through 
implementation of IBIS ,  Landsat d a t a  and convlentional d a t a  were i n t e r -  
4 
i 
1 f aced ,  and r ev i sed  urbanized a r e a  maps were produced. I n  a d d i t i o n  t o  I 
r ev i sed  urbanized a r e a  maps, s t a t i s t i c a l  r e p o r t s  summarizing t h e  r e s u l t s  I 
of  t h e  i n v e s t i g a t i o n  were der ived  as w e l l .  I 
u ! 
B. BACKGROUND 
The U.S. Bureau of  t h e  Census has  been mandated by the  Federa l  
~ o v e r n 6 e n t  t o  conduct a census of populat ion and housing every f i v e  ,, 
yea r s  beginning wi th  t h e  1980 decennia l  census.  A s  a consequence of 
t h i s  dec i s ion  and a s soc i a t ed  l e g i s l a t i o n ,  t h e  Census Bureau w i l l  have 
t o  process  much more da t a  dur ing  the  next  decade than  i n  any previous 
decade. Furthermore, due t o  a s teady  inc rease  i n  t h e  papu la t i an  of t h e  
Ilnited S t a t e s  and o continued high mobi l i ty  of  t he  pub l i c ,  t h e  enumera- 
t i o n  process  c a r r i e d  ou t  by t h e  Bureau of t h e  Census w i l l  become more 
d i f f i c u l t .  Accordingly, t he  Census Bureau is  i n v e s t i g a t i n g  means t o  
r e v i s e  e x i s t i n g  p r a c t i c e s  t o  keep pace wi th  t h e  i nc reas ing  demand f o r  
t he  c o l l e c t i o n  and disseminat ion of d a t a  products .  
, 3 One of t h e  most complex and more cumbersome of t h e  procedures " 1 
i' 
,, undertaken by t h e  Geography Div is ion  of t h e  U.S. Bureau of t h e  Census is  t j 3 ,  
I. t h e  mapping of t he  urban f r i n g e  p r i o r  t o  conducting each 'census.  A 
v a r i e t y  of d a t a  must be  c o l l e c t e d  and i n t e g r a t e d  t o  ob t a in  maps of ' 1  I :I 1 
f r i n g e  a r ea s .  Conventional d a t a  c o l l e c t i o n  arid i n t e g r a t i o n  p r a c t i c e s  4 .  
have been found t o  be  less than adequate f o r  t h e  d e r i v a t i o n  of urban I: 1 
, f r i n g e  maps i n  a t imely manner. Consequently, new technologies  a r e  being ;I 
developed t o  avoid a p o t e n t i a l  backlog i n  ob t a in ing  map products .  4 
i 
1 
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I n  r e s p o n s e  t o  t h e  needs of t h e  Geography Dl.vision, t h e  Census- 
Urbanized Area P r o j e c t  was i n i t i a t e d .  T11e purpose  of t h i s  P r o j e c t  ha6 
b e e n  t o  tes t  t h e  u t i l i t y  of Laadsat: d a t a  f o r  t h e  u rban  f r i n g e  mapping 
a p p l i c a t i o n s  of t h e  U,S. Bureau o f  t h o  Census, S p e c i f i c a l l y ,  ttle pro- 
b k m s  addressed  i n  t h i s  ASVT are two: F i r s t ,  can Landsat  d a t a  and image 
p r o c e s s i n g  technology b e  used t o  o b t a i n  a c c u r a t e  r e n d i t i o n s  of urban 
f r i n g e  a r e a s ?  Second, i f  such i n f o r m a t i o ~ ~  i s  d e r i v e d ,  can  i t  !' e inter-- 
Eaced w i t h  o t h e r  m a t e r i a l s  a v a i l a b l e  t o  t h e  Census Bureau f o ~ j d e c i s i o n  
making purposes?  Other  f a c t o r s  such as t h e  c o s t  of d a t a  p r o c e s s i n g ,  t h e  
speed  o f  i n f o r m a t i o n  r e t r i e v a l ,  t h e  quaLi ty  o f  o u t p u t  p r o d u c t s ,  and t h e  
accuracy  o f  t h o s e  p roduc t s  a r e  be ing  reviewed a s  well, 
1. Data Processing Needs of t h e  Bureau of t h e  Census 
Beginning w i t h  t h e  5980 d e c e n n i a l  census ,  t h e  Geography Divi,sion 
o f  t h e  Bureau o f  t h e  Census must r e v i s e  t h e  u r b a d z e d  a r e a  (UA) tound- 
aries of a l l  Standard Met ropo l i t an  S t a t i s t i c a l  Areas  (SMSA) i n  t h e  U.S. 
e v e r y  f t v e  y e a r s .  While i n  1970 f h e r e  were 270 SMSAs, a f t e r  t h e  1.980 
census  i t  is  expec ted  t h a t  t h e r e  may be  as many as 300 SMSAs. Si,nce 
t h e s e  UA boundar ies  w i l l  be  r e v i s e d  every  f i v e  y e a r s ,  a t  l z a s t  690 UA 
maps w i l l  b e  c o n s t r u c t e d  d u r i n g  t h e  decade 1.980-1989. To meet t h e  needs 
d f  many F e d e r a l  a g e n c i e s  t h a t  r e q u i r e  knowledge o f  u rban ized  a r e a s  f o r  
d e c i s i d n  making purposes ,  t h e  Census Bureau w i l l  n o t  b e  a b l e  t o  e n j o y  
t h e  luxury  of  p r o c e s s i n g  UA maps on a weekly b a s i s .  I f  t h e  mapping pro- 
j e c t  i s  extended t o  cover  t h e  e n t i r e  ten-year p e r i o d ,  a minimum of 60 
maps must b e  updated each y e a r .  Based on t h a t  average ,  more t h a n  one 
map must be  processed each week. 
a .  C u r r e n t  Mapping P r a c t i c e s .  C u r r e n t l y ,  u rban ized  a r e a  maps a r e  
compiled by i n t e g r a t i n g  d a t a  o b t a i n e d  from a v a r i e t y  of s o u r c e s .  The 
upda t ing  p;ocess-begins w i t h  a r e v i s e d  e s t i m a t e  of t h e  e x t e n t  of each 
u rban ized  a r e a  p r i o r  t o  conduct ing t h e  census .  The u rban ized  a r e a  bound- 
a r y  d e l i m i t e d  as a r e s u l t  of t h e  l a s t  census i s  i n t e g r a t e d  w i t h  informa- 
t i o n  ob ta ined  from l o c a l  and r e g i o n a l  governments, a e r i a l  photographs ,  
and p o p u l a t i o n  estimates and p r o j e c t i o n s  by t h e  Census Bureau t o  d e f i n e  
a n  updated UA boundary e s t i m a t e .  The r e g i o n  between t h e  p r e v i o u s  ur-  
ban ized  a r e a  boundary ( i n n e r  l i n e )  and the, c u r r e n t  e s t i m a t e  boundary 
o u t e r  l i n e )  i s  commonly r e f e r r e d  t o  a s  t h e  u rban  f r i n g e  zone ( F i g u r e  (- -/ 1-1.). P r i o r  t o  c o n d ~ c t i n g  each census ,  t h e  u rban  f r i n g e  zone i s  sub- 
I \' d i v i d e d  i n t o  small geographic  u n i t s  o r  enumerat ion d i s t r i c t s .  A f t e r  t h e  census  is  conducted,  s t a t i s t i c s  g a t h e r e d  f o r  each enumeration d i s t r i c t  
1 are ana lyzed ,  and d e c i s i o n s  a r e  made t o  de te rmine  if each e n u m e ~ a t i o n  
I 
I 
d i s t r i c t  i s  urban ized .  The d e c i s i o n  is  p r i m a r i l y  based on p o p u l a t i o n  
d e n s i t y .  F i n a l l y ,  a new UA map i s  compiled by c o n s t r u c t i n g  a  p e r i m e t e r  
1 around t h e  p r e v i o u s  urbanized a r e a  and a l l  newly-urbanized enumerat ion 
d i s t r i c t s .  
The most time-consuniing parr: of UA r e v i s i o n  i s  t h e  demarcat ion of 
t h e  urban f r i n g e  zone. Although the i n n e r  l i n e  i s  g iven ,  l i t t l e  is  known 
about  t h e  poaitzion o f  t h e  o u t e r  l i n e .  The p r o c e s s  of combining t h e  
v a r i o u s  d a t a  ob ta ined  from s e v e r a l  s o u r c e s  is  q u i t e  complex, and d e c i -  
s i o n s  a r e  o f t e n  s u b j e c t i v e l y  based.  Care must b e  t aken  n o t  t o  omit any 
p o s s i b l e  a r e a  frcm c o n s i d e r a t i o n .  Consequently,  t h e  o u t e r  l i n e  of t h e  
urban f r i n g e  zone u s u a l l y  i n c l u d e s  much r u r a l  l a n d .  I f  t h e  o u t e r  l i n e  
could  be e s t i m a t e d  more a c c u r a t e l y ,  t h e  subsequent  census  enumeration 
Figure 1-1. I>ividd.ng t h e  Urban Fr inge  I n t o  Enumeration D i s t r i c t s  
process  could b e  streamlined.- ,and, ,-,a; a r e s u l t ,  t h e  e n t i r e  UA mapping 
pyo jec t  would become more m!:~rir:~keable. 
\r 
b. Automated Mapping /;ocedures. One purpose of t h e  Census- 
Urbanized Area;,Project was;bojtest  the  u t i l i t y  of Landsat imagery and 
image processing technolofy $h obta in ing  more accu ra t e  r e n d i t i o n s  of t he  
urban fringpi zone. Not c#ky was i t  envisioned thah the f r i n g e  a re?  
could be  d$Limited more f ccu ra t e ly ,  i t  was bel ieved t h a t  t h e  e n t i r e  
process  o f , e s t i m e t i n g  thq urban f r i n g e  zone could be  shortened wi th  t h e  
implementation of comput$y technology. The use  of an information system 
f o r  i n t e r f a c i n g  remotely ~ e ~ c s e d  d a t a  wi th  o the r  d a t a  a v a i l a b l e  t o  t he  
Geography Divis ion  of t h e  Bu-au of t he  Census was t o  b'e inves t iga t ed .  
I n  subsequent phases of the  P r o j e c t ,  remote sensing technology 
needed t o  d e r i v e  urban f r i n g e  maps from Landsat d a t a  w i l l  b e  t r a n s f e r r e d  
t o  t he  Geography Divis ion.  An information system used t o  i n t e g r a t e  t he  
' 
remotely sensed da t a  &ld the  convent ional  d a t a  a l s o  w i l l  b e  provided. 
2. P r i n c i p a l  I n v e s t i g a t o r s  - 
Three p r i n c i p a l  i n v e s t i g a t i n g  teams w e r e  s e l ec t ed  t o  c o ~ ~ d u c t  r e -  
search  i n  suppor t  of t h e  Census-Urbanized Area Pro jec t :  (1) t h e  Earth 
Resources Branch of t he  Goddard Space F l i g h t  Center (NASAIGSFC) ( ~ e f e r -  
ences  1-3 and 1-4),  (2) the Ear th  Resources Applicat ions group a t  t h e  
Jet Propulsion Laboratory (NASAIJPL) (References 1-5, 1-6, and 1-7),  and 
(3)  t h e  Image Processing and Analysis Center of t h e  General E l e c t r i c  
Company (GE) (References 1-8, 1-9, and 1-10)!: The primary r e s p o n s i b i l i t y  
of  NASA/GSFC was coordinat ion of t h e  r e sea rch  e f f o r t s  of t h e  o the r  two 
agencies .  NASA~JPL was delegated t h e  r e s p o n s i b i l i t y  of developing a 
fully-automated information system capable of providing t h e  products 
needed t o  update  urbanized a r e a  maps f o r  t he  Geography Divis ion.  GE 
developed procedures r e q u i r ~ d  t o  t r a n s f e r  technology t o  t h e  Bureau of 
t h e  Census. GE a l s o  c rea ted  a -- base- l ine mapping approach t o  t h e  problem. 
The body o f  t i ~ ; ~  r epo r t  is  divided i n t o  fou r  s e c t i o n s .  A descl'ip- 
t i o n  of IBIS is  covered i n  Sect ion 11. The urban f r i n g e  mapping tech- 
n iques  developed at JPL a r e  covered i n  Sec t ion  IfI. Descr ip t ion  of 
t h r e e  mapping a p p l i c a t i o n s  a r e  included i n  Sec t ion  I V .  F i n a l l y  s i g n i f -  
i c a n t  c o n c ~ u s i o n s  drawn from t h e  JPL e f f o r t  w i l l  be  summarized i n  
, Sect ion  V. A series of apperldices t h a t  i nc lude  a t e chn ica l  descr ipk ion  
of  IBIS, ou tput  products ,  and program t imings a r e  a l s o  included i n  t h i s  
r e p o r t  . 
SECTION I I 
THE IMAGE-BASED INFORMATION SYSTEM: 




The Image-Based ' in fo rmat ion  System (IBIS) is  a computer-based 1 
appr80ach t o  t h e  a n a l y s i s  of geograph ica l  s i t u a t i o n s .  By groupin$'se- ! I l e c t e d  IBIS programs i n t o  p rocess ing  o p e r a t i o n s ,  a v a r i e t y  of  s p a t i a l  phenomerra can  b e  i n v e s t i g a t e d .  The b a s i c  concep t s  o f  d a t a  management I 
and d a t a  p r o c e s s i n g  w i t h i n  t h e  Zmage-Ba ed In format ion  System a r e  cov- 
6 e r e d  i n  t h i s  s e c t i o n ,  
t fi i i 
IBXS i s  cons idered  t o  b e  a ras te r -bered  i n f o r n ~ n t i o n  system (Refer- 
L < 
! e n c e s  2-1, 2-2, 2-3). Most d a t a  e n t e r e d  i n t o  IBIS a r e  i n  r a s t e r  (image- based)  format.  However, t h e  sys tem is  conf igured  i n  such a  manner t h a t  
o t h e r  d a t a  t y p e s ,  such as g r a p h i c a l  and t a b u l a r  d a t a ,  may be  used i n  
i anaLys i s  a s  well.  
I' I 1 L o g i c a l  and mathemat ical  i n t e r f a c e s  have bees  provided t o  l i n k  
a l l  d a t a  f i l e s  i n  an IBIS d a t a - b a s e  s u p e r s t r u c t u r i ?  (F igure  2-1). By i I 
utilizing t h e s e  i n t e r f a c e s ,  in fo rmat ion  may be  d e r i v e d  from s i m p l e  
a a a u c i a t i o n s  02,  o r  comparisons between, two o r  more d a t a  f i l e s  s t o r e d  
Y, I n  a n  IBIS d a t a  base .  More complek procedures  i n c l u d i n g  polygon over- \\ 
'i l a y  and c r o s s - t a b u l a t i o n  can a l s o  be i n v e s t i g a t e d  through IBIS techno- 
l o g y  * 
A. DATA MANAGEMENT CONSIDERATIONS 
The image-formatted d a t a  p l a n e  i s  t h e  pr imary d a t a  t y p e  u t i l i z e d  
i n  IBIS process ing .  IBIS d a t a  p l a n e s  may be o b t a i n e d  d i r e c t l y  i n  image 
form, a s  i n  Landsat  imagery, o r  they may be  d e r i v e d  from d a t a  compiled 
by s o u r c e s  s u c h  as t h e  U.S. Geolog ica l  Survey,  t h e  U.S. Bureau of  t h e  
Census,  and t h e  Defense Mapping Agency. 
Regard less  of d a t a  type  'and o r i g i n ,  a l l  d a t e  p lanes  a r e  incorpor -  
- 
. a t e d  i n t o  a  d a t a  set t h a t  i s  r e f e r k e d  t o  a s  t h e  IBIS d a t a  base  (F igure  --- 2-2). When i n v e s t i g a t i n g  a s p e c i f i c  problem, a  d a t a  p lane  may be in -  
c luded  i n ,  excluded from, o r  modified' . 'before any IBIS process ing  s t e p .  
New d a t a  p l a n e s  may t n  c o n s t r u c t e d  wi th  t h e  sys tem and may be used i n  





%he Image-Based In format ion  System was des igned by N .  A. Bryant and 
A. L. - Z o b r i s t  of t h e  Image Process ing  i4abors to ry  a t  JPL. The d e s c r i p -  ,, 
t i o n  of IBIS inc luded  i n  t h i s  s e c t i o n  i s  q u i t e  g e n e r a l .  A t e c h n i c a l  
d e s c r i p t i o n  of t h e  sys tem is. inc luded  i n  Appendix A. 
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I Figure 2-2. Formation of an IBIS Data Base ! 
To maintain geometric consis tency between a l l  d a t a  p lanes  includ- 
ed i n  the d a t a  base,  an  image p lane  exh ib i t i ng  good rad iometr ic  o r  p lan i -  
m e t r i c  q u a l i t i e s  i s  designated t h e  p l an ime t r i c  base. D ig i t i zed  topo- 
graphic  maps a r e  e x c e l l e n t  f o r  t h i s  purpose, having been cons t ruc ted  
from p rec i se  po in t  datum and c a l i b r a t i o n .  A l l  o t h e r  d a t a  p lanes  a r e  
geometrically cor rec ted  t o  r e g i s t e r  wi th  t h e  p l an ime t r i c  base. 
C # 6 '1, ,, 1 
t T I 
b j 
, , 
11 Y \ 
I, '? t1ddcs o f  Dnen Jnput: , , 
I I-\ 
Tlls u sq r  of I l 3 X t J  can i n t e g r a t e  va r ious  d a t e  types t o  fordkkn XBXS 
d a t a  tasc.  sxnca t$aJ primary dera s t ruckure  i s  a r a s t e r  format,  image. 
d a t a  planes are d i r e c t l y  ont,ered i n t o  khe systam. Graphical  forms of o 
obtained, i n  Cartusian r e fe rence  form, must be t r a n s f ~ r m e d  
p r i o r  t o  i na lus ion  aa a d a t a  plane.  Tabular da t a  a r o  i 
n o e t t ~ n s l v r m f d  i n t o  image space, b u t  e r e  l inked  t o  t he  image d a t a  base 1 
through a l o g i c a l  i n t c r t a c e .  Date procegsing rcquiraments f o r  each da t a  a 
t ype  a r e  unfque and w i l l  be  covered ind iv idua l ly ,  
GT-, 0 i 
a. Image ~ d a .  llast ' imnge d a t a  s e t s  en tered  i n t o  t h e  data base E 
nre ,uqun l ly  der ived  from Landsat imagery o r  o the r  m u l t i s p e c t r a l  scanner I/ 
sourccs ,  Other d a t a  a r p  d i g + t a l l y  encoded o r  scanned from aerinl,photo-:  I 
graphic products .  Since image d a t a  p lanes  a r e  obtained faoirt many 
sources,  t h e  s p a t i d .  alignment of f e a t u r e s  contained in '  thsse:$niages a r e  
of t e a  .LncansiWent Erotn image t o  imdge . Consequently, p rovis ions  have 
been made t o  ob tail1 a un i f fed  s p a t i a l  s u r f  ncr?. th rougl~  the  implententation 
of resampling and s p a t i a l  r e c t i f i e a t i a n  procedures.  
0 3 
Geometric co r r ec t ibn  procedures and s p a t i a l  r e c t i f i c a t i o n  rou t ines  0 ,,! 
f o r  modifying imhge dat.1 a r e  f e a t u r e s  trE t he  VICAR image processing ! 
system. Although not  ~pecificn3,J.y considered t o  be PBZS programs, t hese  1 1 
and o ther  VlCAR programs a r e  necasaary p a r t s  of t h a  XBXS process .  VICAR s 
software 1.s o f t e n  used t o  nb ta in  s p e c i a l  InEorl~iation from image d a t a  i 
sources.  b lu l t i spac t ra2  c l a s s i f i c a t i o n  of Landsat itnngery i s  one example 
of, a VICAR procedure ,-tllat produces a d a t a  s e t  used i n  XBIS procedures.  
/- \ 
i, - b .  Grap l~ ica l  Data, Graphical o r  v c c t o ~  d a t a  nlny a l s o  be en tered  L,< 
-- 
i n t o  the I ~ I S  darn base ,  Graphical da t a  a r e  e i t h e r  p r ~ d u c e d  l o c a l l y  on 
a coordinate  d i g t t i z e r ,  o r  nre obtained from da ta  tape.  The Bureau of 
Census Urban AtLas f i l e  and DIME f i l e  a r e  examples uf d a t a  o l~ t s ined  on 
computer tapas .  Ri?gnrdloss of d a t a  o r i g i n ,  g raphica l  da t a  a r e  t rans-  
fortiled i n t o  itnnge space l'lzdor t o  i nc lus ion  i n  the IBIS d a t a  base. 
'I 
As wi th  in lag^ data, grziphical d a t a  f i l e s  must be i n  r e g i s t r v  with \ i 
t he  primary d a t a  base.  Provisinrls have been made wi th in  InIS  t o  achieve i i 
I I proper s p a t i a l  alignment. (Those c"crceccions a r e  made be fo re  t h e  
a r e  transformed i n t o  image space.) The r e g i s t r a t % o n  technique- i i 
utiZined i s  a two-step process ,  T ~ l i t i a l l y ,  a genera l  su r f ace  E I t  i s  r 
achieved through the  use o f  n l eas t - squarcs  a f f i n e  t ransformation,  then 
an exact geortlatric csrrespondel~ce 1s obtained by ,l.tiiplementing a s p a t i a l  
Z r e c t i f i c a t i o n  procedure. The deformation o f  tlla o r i g i n a l  s u r f a c e  is  
concrp l led  by the  s e l e c t i o n  of t i e  p o i n t s  l i nk ing  geographical, f e a t u r e s  
t h a t  hrc  i d e n t i f i a b l e  on both the  graphica l  da t a  f i l e  and Cbe primary 
darn base,  
I ; I( P o i i ~ t  and v e c t o r  d a t a  are transformed i n t o  itnrlgc space a f t e r  geoAz> 
met f ic  modi f ica t ions  areJ coompleted. Three-dSmensianaL o r  xz-value d a t a  
(x, p, z )  a r e  processed in a s irni lnr  manner. file Ce;stesian re ference  , 
compnqents c'k t he  dnto  (x, y) are t r a n s f o r ~ ~ v d  i n t o  image space coordi- 
n a t e  va lues ,  whi le  the  z-value remains udchanged. 
\\ 
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c .  Tabula r  Data. Tabular  d a t a  may b e  e n t e r e d  i n t o  IBIS v i a  com- 
p u t e r  c a r d s  o r  d i g i t a l  t ape .  These d a t a  are s t o r e d  i n  a t a b u l a r  f i l e  
t h a t  i s  l i n k e d  t o  t h e  d a t a  b a s e  through a l o g i c a l  i n t e r f a c e .  A s  a re-! J 
s u l t  of t h i s  l i n k ,  such d a t a  f i l e s  a r e  termed i n t e r f a c e  f i l e s ,  
2. The Georeference P lane  
One of t h e  more impor tan t  g r a p h i c a l  d a t a  f i l e s  e n t e r e d  o n t o  t h e  
IBIS d a t a  b a s e  i s  t h e  geore fe rence  p l a n e .  The g e o r e f e r e n c e  p l a n e  is  a  
polygon f i l e  used i n  d a t a  a g g r e g a t i o n  and map g e n e r a t i o n  p rocedures .  
I n  one c a s e  ( t h e  Census-Urbanized Area P r o j e c t : ,  t h e  g e o r e f e r e n c e  p lane  
h a s  been c o n s t r u c t e d  from census t r a c t  d a t a  o b t a i n e d  from t h e  Urban 
A t l a s  f i l e s  o f  t h e  U.S. Bureau o f  t h e  Census. 
Once tiie geore fe rence  p l a n e  is t ransformed i n t o  image Space,  each 
polygon, o r  r e g i o n ,  must be  i d e n t i f i e d .  The r e g i o n  i d e n t i f i c a t i o n  pro- 
c e s s  i n v o l v e s  t h e  assignlnent o f  a  unique v a l u e  ( o r  b ray  tone)  t o  each 
i n d i v i d u a l  r e g i o n .  A f t e r  r e g i o n  i d e n t i f i c a t i o n ,  t h e  y e o r e f e r e n c e  p l a n e  
may be used i n  s e v e r a l  h igher -o rder  IBIS procedures ,  For  example, a  
polygon o v e r l a y  of t h e  geore fe rence  p l a n e  w i t h  some o t h e r  image d a t a  
p l a n e  can b e  i n i t i a t e d  (F igure  2-3), o r  t h e  g r ( q  v a l u e s  of each polygon 
i n  t h e  g e o r e f e r e n c e  b a s e  may b e  modif ied t o  produce a  map d e p i c t i n g  t h e  
r e s u l t s  of a  modeling a p p l i c a t i o n  w i t h  d a t a  s t o r e d  i n  a n  i n t e r f a c e  f i l e .  
S e v e r a l  geore fe rence  p l a n e s  may b e  i n c l u d e d  i n  a n  IBIS d a t a  base .  
For  example, a d a t a  b a s e  may c o n t a i n  a  census  t r a c t  g e o r e f e r e n c e  p l a n e  
and a  c o n g r e s s i o n a l  d i s t r i c t  geore fe rence  p l a n e .  The maximum number of 
reg,ions t h a t  can be inc luded  i n  one g e o r e f e r e n c e  p l a n e  i s  v i r t u a l l y  un- 
l i m i t e d .  C u r r e n t l y ,  up t o  20,000 r ~ g i o n s  can be  i d e n t i f i e d  by g ray  
v a l u e  f o r  an  i n d i v i d u a l  geore fe rence  p lane .  
3 .  The Data I n t e r f a c e  and Tabular  F i l e s  
A l l  t a b u l a r  f i l e s  ( i n t e r f a c e  f i l e s )  are l i n k e d  t o  a t  l e a s t  one of 
t h e  geore fe rence  p lanes  inc luded  i n  t h e  IBIS d a t a  base .  The s p e c i f i c  
l i n k  is  ob ta ined  by s t o r i n g  t h e  numerical  v a l u e  (g ray  tone)  r e p r e s e n t i n g  
each reg ion  of t h e  geore fe rence  p l a n e  w i t h  t a b u l a r  d a t a  d e s c r i b i n g  a t -  
t r i b u t e s  of t h a t  r e g i o n  (F igure  2-4). A t t r i b u t e  d a t a  may be  s t a t i s t i c a l  
i n  o r i g i n ,  a n  i d e n t i f i c a t i o n  code,  o r  may b e  t h e  r e s u l t  of a n  image 
p l a n e  comparison r o u t i n e  such as polygon o v e r l a y  o r  c r o s s - t a b u l a t i o n .  
B. MANIPULATING DATA AND OUTPUT PRODUCTS 
I f  IBIS, o r  any o t h e r  in fo rmat ion  system,  were on ly  a  d e v i c e  t o  
c o l l e c t  and s t o r e  geographic  d a t a ,  t h e  u t i l i t y  of t h e  sys tem would b e  
q u i t e  l i m i t e d .  Most u s e r s  of a n  i n f o r m a t i o n  system r e q u i r e  f a r  more 
powerful  f e a t u r e s .  S e v e r a l  means of d a t a  o u t p u t ,  b o t h  p i c t o r i a l  and 
t a b u l a r ,  a r e  needed. Also, t h e  r e s e a r c h e r  may want t o  under take  complex 
modeling a p p l i c a t i o n s  w i t h  t h e  d a t a  f i l e s  s t o r e d  i n  t h e  in format ion  
system s u p e r s t r u c t u r e .  
C Q N C E P T U A L  F R A M E W O R K  O F  
I B I S  I N T E R F A C E  FILE G E N E R A T I O N  
DATA I M A G E  
GEO - REFERENCE 
I M A G E  
D I S T R I C T  1 rk L Y ] r 6  - -  11 
D I S T R I C T  2 2s 55 
D I S T R I C T  3 68 
D I S T R I C T  4 31 75 
TOTAL A R f t  RLUF: AREA YELLOW AREA RED AREA 
- -
C I S T R I C T  1 11 2 3 6 
D I S T R I C T  2 55 10 20 25 
-
D I S T R I C T  3 68 26 25 
-
17 
D I S T R I C T  4 75 23 3 1 2 1 
I'igurt. 2-3. Tlic  I R I S  Po lygon  0vc.r I l ly Proc.c.durc 
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DATA1 No OF IMAGE 
DISTRICT IMAGE GRAY 
NAME ELEMENTS 
-- - -- -- 
9 0  1121 
10 1 3777 
10.2 5988 
11.0 7 76 
12 0 4232 
GEOREFERENCE PLANE 
F i ~ i , r e  2-4 .  The Date  T n t e r f a c e  
P r o c e d u r e s  f o r  d a t a  o u t p u t  and d a t a  m a n i p u l a t i o n  h a v e  been  d e r i v e d  
n s  p a r t  of t h c  Tmne,r-Rased Znfo rmnt ion  Svstem. Maps may b e  g e n e r a t e d  
and t n h u l l ~ r  r e p o r t s  can  h e  obtained. 
1 .  Data M a n i p u l a t i o n  P r o c e d u r e s  
D n ~ n  s t o r e d  i n  e i t h e r  t h e  d a t n  b a s e  o r  a n  i n t e r f a c e  f i l e  c a n  b e  
m o d i f i z d  o r  m a n i p t ~ l a t e d  w i t h  IRIS  s o f t w a r e .  New d a t n  p l a n e s  and i n t e r -  
f a c e  f  i l c s  a r e  e n s i l v  g e n e r a t e d .  Four b a s i c  d a t a - m a n i p u l a t i o n  p roce -  
d u r c s  a r t>  c u r r e n t  l v  a v a i l a b l e .  
a.  Data --- > l a n i p u l a t i n n  -- Retwecn Image  P l a n e s .  New image d a t a  p l a n e s  
-- 
:irc ~;.nt ' t .ntcd ;IS ,I f u n c t i o n  of two more image d a t a  p l a n e s .  C h i e f l v .  
the. p r o r e d u r c s  implemer~tcd  t o  d e r i v e  such  d a t a  p l a n e s  a r e  VICAR r o u t i n e s ,  
a l t h o u g h  some TRTS r o u t i n e s  a r e  a l s o  u s e d .  
Simple t r a n s f o r m a t i o n s  s u c h  a s  image a d d i t i o n ,  s u t t r s c t i o n ,  m u l t i -  
p l i c a t i o n ,  and d i v i s i o n  a r e  e n s i l v  o b t a i n e d .  Complex f u n c t i o n s  a r e  
hand lcd  n c n r l v  a s  ~ a s i l v ,  and p r e c i s e  m a t h e m a t i c a l  f o r m u l a s  mav b e  
s p e c i f i e d .  Image cnhancefient  r o u t i n e s  a r e  a v a i l a b l e ,  a s  a r e  s e v e r a l  
d a t n  c 1 a s s i ; l c a t i o n  and s t r a t i f i c a t i o n  r o u t i n e s .  
h .  Data M.-nipulnt ion  W i t h i n  t h e  T n t e r f a c e  F i l e .  Most f u n c t i o n s  
---- ---- 
a v a i l a b l e  i n  t h e  image> domnin a r c  a l s o  3 v a i l a b l e  f o r  a n a l y s i s  cZ t a h u l a r  
d a t a .  R e s u l t a n t  from s u c h  o p e r a t i o n s .  new t a b u l a r  d a t a  e n t r i e s  a r e  
~ e n e r a t e d .  Complex mn thema t i ca l  f u n c t i o n s  mav b e  used  t o  d e r i v e  h i g h e r -  
o r d e r  p r o p e r t i e s  of  d a t a  s t o r e t i  i n  a n  i n t e r f a c e  f i l e .  
c .  Data  M a n i p u l a t i o n  of Image Data i n t o  T a b u l a r  11ata. By inlplc- 
m e n t i n g  c e r t a i n  IRIS r o u t i n e s ,  d a t n  o r i g i n a l l v  s t o r c d  i n  image fo rma t  
mnv b e  summarized and c o p i e d  i n t o  a t a b u l a r  f i l e .  The m a j o r i t y  o f  t h e s e  
r o u t i n e s  a r e  a g g r e g a t i o n  f u n c t i o n s ,  an  example  of  which is  h is togramming.  
PRECEDING PAGE BLANK NOT FILMET, 
IBIS procedures  l o r  polygon O V V ~ ~ Y  and cr oss - tabula t ion  a r e  w i t h i n  t h i s  
realm of da ta  t r a n s f e r  PrOgramSs. 
d , Data M a n i p u l a t i ~ n  o t  ' tabular Data i n t o  image Data*  The repre-  
s e n t a t i o n  of t a b u l a r  d a t a  W i11)age form p r imar i l y  used as 
4 ,  t he  implaementarion 01 a map generat ing routjPne, any i e ~ r r f e r ~ n ~ e  
base  can  be modified a s  a . ~ u I I E ~ ~ ~ ~  of 0" i n t e r f a c e  f i l e *  
data  is performed simi1ar1y. Data p lanes  produced h i  aannt-'* can be 
i n t o  fhe  IBIS darn base  f o r  S U ~ S ~ ' I U ~ ~  ~ ~ e r ~ t ~ ~ ~ ~ -  
2 .  Data Output Fea tures  
wo formats  a r e  a v a i l a b l e  t o  t h e  system U s e r :  maps and 
t a b u l a r  r e p o r t s .  llaps a r e  produced d i r e c t l y  fro'. any image da ta  plane 1 
or througil n , ~ d i f i c a t i o n  of a georeference plane.  Tabul-ar r e p o r t s  are 
made a ~ a i l . L l e  through t h e  ope ra t i on  of a r e p o r t  genera tor*  
d 
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wi th  a kl\owledge of image process ing ,  an a n a i ~ s t  Can learn 
ope ra t e  the  101s system. A researcher  can u t i l i z e  t h e  System to 
d a t a  p lanes  and mudl t abu la r  da t a .  With a11 of t h e  inforniation 
tlllie da t a  u i r r l i  d isposa l .  many complex modeling problems nlaY be 
so lved  r e l a t i v e l y  ef  f o r t k s s l y  
The va r ious  nodes of da ta  e n t r y ,  d a t a  m a n i ~ u l a t i ~ n ,  and data Out- 
put t h e  r e sea rche r  with complete f l e x i b i l i t y  (0 s t ruc tu re  a 
unique d a t a  base  s p e c i f i c a l l y  designed £0' a p a r t i c u l a r  problem Or 
investiea~ion. ~ ~ 1 s  i s  ~ r d y  a framework £ 0  a n a l y s i s  of s ~ a d a l  aa 
The information systenl i s  cons t ruc ted  with thf selection 
s p e c i f i c  image and t abu la r  dn t a .  
URBANIZED P.REA MAPPING TECHNIQUES 
- 
- 
Tlze Geography Div is ion  of t h e  U.S. Bureau of t h e  Census must f r e -  
quent ly  update  urbanized ares maps oE a l l  SMSAs i n  t h e  United S t a t e s .  
I n  response t o  a demand f o r  more-current v e r s i o n s  of t h e s e  maps, t he  
u t i l i t y  of new d a t a  sources  and new technologies  a r e  be ing  considered a s  
a means t o  exped i t e  t h e  mapping pxocess,  One avenue of experimentat ion 
be ing  i n v e s t i g a t e d  is  t h e  mapping of urbanized a r e a s  from Landsat imag- 
e r y .  
L a n d s a t - i s  a n  i d e a l  d a t a  source  f o r  t h e  product ion and r e v i s i o n  of 
smal l - sca le  maps d e p i c t i n g  l a r g e  urban reg ions .  The a r e a l  coverage 
a f forded  by a s i i t g l e  s a t e l l i t e  image i s  q u i t e  ex t ens ive ,  and most urban 
reg ions  are contained i n  a s i n g l e  frame. New i m a ~ e r y  5s made a v a i l a b l e  
on a r e g u l a r  b a s i s .  ConsequentLy, mop r e v i s i o n  may be  undertaken more 
f r equen t ly .  S ince  imagery i s  a v a i l a b l e  i n  series, maps d e p i c t i n g  higher-  
o rde r  f e a t u r e s  of t h e  urhan environment, such a s  urban expansion, can 
b e  derived a s  we l l .  
1. Data Analysis  
To o b t a i n  urbanized area maps, a Landsat image must be  analyzed 
and p8rLinent information must b e  ex t r ac t ed  from t h e  abundance of d a t a  
c w t a i n e d  i n  t h e  s a t e l l i t e  base.  Analysis  can be undertaken by v i s u a l  
techniques (much l i k e  ~ i s u a l  i n t e r p r e t a t i o n  of a e r i a l  photographs) ,  o r  
wich t h e  a i d  of d i g i t a l  image processing.  V i sua l  a n a l y s i s  of Landsat 
imagery i s  an involved and time-consuming process  t h a t  o f t e n  r e q u i r e s  
t h e  making of s u b j e c t i v e  dec i s ions .  For those  reasons ,  v i s u a l  a n a l y s i s  
may at: b e s t  provide an i n t e r i m  opt ion  f o r  t h e  Bureau of t h e  Census. 
Conversely, d i g i t a l  image processing of Landsat imagery can provide 
s i m i l a r  in format ion  i n  a t imely and o b j e c t i v e  manner. Once a s p e c i f i c  
technique has been developed, any SMSA can b e  mapped i f  s a t e l l i t e  cover- 
age i s  a v a i l a b l e .  Since a s tandardized sequence of p rocess ing  s t e p s  i s  
be ing  u t i l i z e d ,  t h e  a n a l y s t  can be  c e r t a i n  t h a t  t h e  mapping of any SMSA 
w i l l  be a completely con t ro l l ed  process .  
2 .  A Merl~odology f o r  Mapping t h e  Urban Environment 
The Jet Propuls ion Laboratory is  i n v e s t i g a t i n g  methods f o r  t h e  
L d e t e c t i o n  and mapping of urban land cover from Landsat m u l t i s p e c t r a l  
1 scqnner (MSS) imagery. Through d i g i t a l  processing of Landsat d a t a  wi th  
I t h e  VICAR system, s e v e r a l  land cover maps have been produced. Many of 
1, t h e s e  maps are even tua l ly  used a s  image d a t a  p lanes  i n  an  IBIS d a t a  base ,  
such a s  t h e  IBIS modeling a p p l i c a t i o n s  developed f o r  t h i s  P r o j e c t .  
Covered i n  t h i s  s e c t i o n  is  a d e s c r i p t i o n  of a technique t h a t  has  
been developed t o  t ransform Landsat d a t a  i n t o  urban land cover maps. The 
mapping technique i s  r e f e r r e d  t o  a s  a b inary  processor .  A s i m p l i f i e d  
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B XI\ I \ i f  t h e  b i n a r y  p rocessor  i a  i n c l u d e d  i n  t h i s  s e c t i o n .  More 
dt.1 . i t . scr ip  tiains can be found i n  a n o t h e r  r e p o r t  (Reference 3-1). 
3 .  The Study Arcn 
As a  means t o  f u r t h e r  a n  unders tand ing  of t h e  b a s i c  s t e p s  i n  t h e  
implementat ion o f  t h e  b i n a r y  p r o c e s s o r ,  a mapping example hat; been in-  
c luded i n  t h i s  s e c t i o n :  Landsat  imagery c o v e r i n g  t h e  Orlando SMSA h a s  
been s e l e c t e d ,  and l a n d  cover maps have been produced. Tlie Bureau of 
t h e  Census i n d i c a t e d  t h a t  t h e  Orlando r e g i o n  exper ienced  a marked in -  
c r e a s e  i n  p o p u l a t i o n  s i n c e  3,970. It was hoped t h a t  t h e  expat'rsion o f  t h e  
urbanized a r e a  could t ~ e  d e t e c t e d  by t h i s  mapping t echn ique ,  
Two Londsat  f rames cover ing  t h e  Orlarldo SMSA were s e l e c t e d  f o r  
a n a l y s i s :  (1) A p r i l  28, 1973 (1279-15285), and (2) A p r i l  18, 1975 
(1999-15091). Anniversary  d a t e s  were s e l e c t e d  t o  minimize any s p e c t r a l  
v a r i a n c e s  t h a t  could be  a t t r i b u t e d  t o  s e a s o n a l  f a c t o r s .  
B. PREPAMTION OF LANDSAT DATA 
S e v e r a l  p r o c e s s i n g  s t e p s  nlust be completed b e f o r e  urban l and  cover  
i n f o r m a t i a n  i s  e x t r a c t e d  from Landsat  imagery. I n i t i a l l y ,  t h e  imagery 
I s  obta ined  i n  t h e  s t andard  EROS d a t a  format  (References  3-2 and 3-3). 
The imagery i s  r e f o r m a t t e d  t o  be compat ible  w i t h  V I C A R  sys tem guidel i tues .  
The Landsat  frame i s  modified t o  correspond t o  e i t h e r  a  s i n u s o i d a l  pro- 
j e c t i o n  o r  a  "space ob l ique"  Mercator p r o j e c t i o n  (Reference 3-4).  
Following r e f o r m a t t i n g ,  t h e  r e g i o n  c o n t a i n i n g  t h e  s t u d y  a r e a  i s  
e x t r a c t e d  ( F i g u r e  3-1). A t  t h e  a n a l y s t ' s  d i s c r e t i o n ,  cosmet ic  p rocedures  
s u c h  a s  d e s t r i p i n g  and bad- l ine  removal are performed. 
1. P l a n i m e t r i c  Modi f ica t ions  
S e v e r a l  Landsat  images a r e  processed t o  o b t a i n  maps d e p i c t i n g  I 
changes i n  l a n d  cover  o r  o t h e r  dynamic a s p e c t s  of t h e  urban environment. 
To f a c i l i t a t e  comparisons between maps o r  images,  a  p l a n i m e t r i c  d a t a  b a s e  i 
I i s  s e l e c t e d  f o r  t h e  purpose of r e g i s t e r i n g  t h e s e  d a t a  p l a n e s .  A p l a n i -  
i metric b a s e  may be a topbgraphic  map, a  UTM g r i d ,  o r  any o t h e r  geographic  e x p r e s s i o n  of t h e  Ear t l l1s  s u r f a c e .  Of ten ,  a  Landsa t  image can be s e l e c t e d  
I as t h e  p l a n i m e t r i c  base  when t h e  s t u d y  a r e a  i s  of  a  l i m i t e d  s i z e ,  and p r e c i s e  r a d i o m e t r i c  a c c u r a c i e s  a r e  n o t  c r i t i c a l ,  
I 
I 
I The Landsat  ima,ges a r e  r e g i s t e r e d  w i t h  t h e  p l a n i m e t r i c  b a s e  
through t h e  implementat ion of a s u r f a c e - f i t t i n g  a lgor i thm.  T i e  p o i n t s  
s e l e c t e d  t o  d e f i n e  t h e  de format iona l  c h a r a c t e r i s t i c s  of t h e  s u r f a c e  a r e  
found wi th  t h e  a i d  of an  i n t e r a c t i v e  duoimage p a t t e r n  r e c o g n i t i o n  and 
comparison r o u t i n e .  An e q u a t i o n  of t r a n s f o r m a t i o n  i s  d e r i v e d ,  and t h e  
image i s  s p a t i a l l y  r e c t i f i e d  t o  c o i n c i d e  w i t h  t h e  p l a n i m e t r i c  base .  
1 
.. . I n f  o r v a t  i t ~ i  I : n l ~ n n c ~ ( ~ n i ~ ~ n t s  
Xf t c r  ;11 1  nt.cdcd im;~y t l ry  i s  r t ~ g i s t t ~ r t ~ t l  t o  t l ~ c l  p l ; ~ n l m c ' t r i  t- 1,:1sc, 
t11t. n t . x t  p l~ ; t s l>  13f d ; \ t n  p r c . p : ~ r i ~ t  i n t i  i s  hcf:.,un. T11r r a w  s ; ~ t t l l   i  tcs d ; t t . ~  i s 
t.r;11is fcyrmt.,l i l i t  ~3 :I mc3rt.  r ~ s : ~ l j  l c  d:lt:l 1)1;111cl ( I ' i  j:Llrt. 3-2) t l~ rou! : l~  t l ~ r .  i m p l c -  
mcnt  n t  i o n  o f  ;In i n f o r m ; l t  i c ~ n - c n h : ~ ~ ~ c . t ~ m t . n t  r o u t  iric.. S i m p l y ,  t l 1 ~ 3  p r n c c s s  o f  
i n f o r m l l t  i o n  c lnhanccmcwt  y i c l ( l s  ; ~ n  irn:1!:1* t h n t  c - n n t : ~  i n s  mor13 u s ; ~ b  i  n f n r -  
ma t  i o n  f o r  tl~t- nnn  l y s t .  R:lt  io (Rt~f~~rc-r1c.c.  3-5) ;11id c i g c ~ ~ l v i ~ c t t ~ r  ( ; > r i n l - i p n l  
c'ompc\ncnt .;) (Kt.fc.rtwc.e 3-h) t r n n s f o r m ; l t  i o n s  a r c  r o u t  i  ~ i c s  commonly u s t ~ d  
f o r  Inf(-rrm;tt  ic-rn cnl~nnct-amc*nt .
I n  tht .  c ; ~ s c  o f  the. C t ~ n ? ; ~ ~ s - l ~ r l ~ ; t n i z c d  ;lrc-n P r o . j c l . t ,  i n fo rm; t t  i  on- 
1-nhanzcmcnt  r o u t  i n c s  wcr,: impli-mcntc.d t o  c n n h l c  (.:IS i t - r  (1 i s t  i n c t  ic3n h c -  
twc.t.n ~rrl.):?n ;~ncl  nonr l r l ) ;~n  lnrid c n v c r . .  Tn a n o t l ~ c ~ r  r ~ s c ~ n r c l ~  p r n i c . r t .  i t  
wa?. tforlntf t l ~ ; ~ t  r a t  icy-:rnnsfnrn~cvl imnf:cs w e r e  1.spc.c.i n l  1 y u s e f u l  i i i  t l ~ c  
mnppinf:  13f 1  ;111d r o v e r  f r ( m  I , ; ~ l i d s ; ~ t  im:t~c.ry f o r  ; i r c n s  n f  1,os tlngclc.;,  
(::I 1  i  f o r n i ; ~ ,  ; ~ n d  >l;~tl i s o n .  \ i i  s r o n s  i n  (Kt-fcrc1nt.c 3-1) . A s i m i  l n r  tt3cI1niqrlc. 
( l i c ~ f c ~ r t ~ n c . c ~  3-7) w ; ~ s  r~sc*tl  t o  i n v e s t  i  g ; )  t t .  I  and-r l sc  c*lran~c.  ; l r o r ~ n d  t l t  l n n t : ~ ,  
r i .  I i l t c r  i n 1 7 c s t  i g n t  i n n s  i n t o  c i ) : c n v c c t o r  p r o ( - r s c i n y :  h ; ~ v c >  a l s o  
Iwov1.n q r l i t c  p r o m i s i n g  f o r  imprc-r\rfri~: d ; ~ t : ~  q 1 1 : l l i t y .  
One c o n s c q u c n c c  o f  the. r ~ t  i l  i  z n t i o n  n f  i n f o r m n t  icln-cnh:lncc>mc~nt 
r o u t  i n c s  w ; ~ s  t h e  r c c i r ~ c t  i o n  i n  t l i c  r , r ~ m h ~ r  o f  d n t ; ~  p l n n c s  n c c ~ d c d  f o r  
m a p p i n g  tilt. r ~ r h ; l n  I nndsc . ;~pc .  W ~ c n  n s  man\. ;IS f o u r  r a w - d n t : ~  p l n r i e s  w c r c  
rc.qu i r ~ d  f o r  c 1 ; t s s i  f i c n t  i n n  o f  l a n d  cnvc.r w i t h  c c l n v c n t i o n n l  o p c r n t i  n n s ,  
o n l y  crnc d n t n  p  l  nnc. w a s  r c q n i  r c d  t n  nc.llicvt. t11c snmc c i ; ~ s s i  f  i c ; ~ t  i n n  
;IS t c r  nn i n  f o r m a t  i o n - c n l ~ : ~ n t ~ c m c n t  r o u t  i n c  lind ht2cn i m p l c m c n t c d  . W i  t l ~  ;I 
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"lc,r,,. tilt. 11 i s r  nyr;,m s l l (> ( l ld  t e n d  t o  i,t- :I ! > i m o ~ i ; ~ I  i s i t  i t  ( . F i ~ _ ~ l r t >  1-3)  
a .  Threshold Arialysis. Throu~jh c l o s e r  i n spec t ion  oC t h e  h i s to -  
gram, ap  i n t e r s e c t i o n  between t h e  two s p e c t r a l  s i g n a t u r e s  can be  Sound. i 
The, point: of  i n t e r s e c t i o n  i s  r e f e r r e d  t o  a s  t h e  Lhreshold l i m i t  of t h e  4 
d i s t r i bu t j i on .  The threshold  l i m i t  s epa ra t e s  t h e  d i s t r i b u t i o n  i n t o  two I. 1 
t 1 d i s t i n c t  ranges of da t a .  Each range corresponds t o  t h e  unique s p e c t r a l  t i 
, s igna ture  of trrban o r  nonurban land cover. i 
b . e l a s s i f  i c a t i o n .  Af t e r  determining t h e  th reshold  l i m i t ,  t h e  
Landsat image t h a t  h a s  been t h e  source  of d a t a  sampling can be c l a s s i -  
f i e d .  A s  w i t h  t he  histogram, t h e  da t a  contained i n  t h e  Landsat image 
a r e  divided i n t o  two ranges.  Data i n  one range correspond t o  urban 
land cover. When each range of d a t a  i s  symbolized, a two-class land 
cover  map (Figure 3 - 4 )  i s  produced. 
I 
2 .  Appl icat ion of the  Binary Processor  
1 
Two mapping e x e r c i s e s  were completed by processing imagery 1 
covering t h e  Orlando a rea .  Each exe rc i s e  was based on t h e  implementa- 
t i o n  of the  b ina ry  processor .  The primary d i f f e r e n c e  between t h e  two 
4 
r ; -, 
e x e r c i s e s  w a s  t h a t  a d i f f e r e n t  information enhancement r o u t i n e  was 
u t i l i z e d  i n  the  course of completing each map. 
f 
, J a .  An Applicat ion Based on a Rat io  Transformation, Appl ica t ion  1. 1: 
L Previous r e sea rch  ind i ca t ed  t h a t  e f f e c t i v e  land  cover maps could be 1 derived from rat io- t ransformed da t a .  Consequently, such imagery was li 
u t i l i z e d  i n  t h e  f i r s t  mapping a p p l i c a t i o n .  Usual ly ,  t h e  r a t i o  t rans-  
' t '  
ir formation used i n  a n a l y s i s  is formed when t h e  red  d a t a  band (MSS 5) is 
d iv ided  by t h e  f i r s t  i n f r a r ed  d a t a  band (MSS 6 )  of t he  Landsat MSS. 
" However, i n  t h e  Orlando case  s tudy ,  t h e  d a t a  were u s e l e s s  due t o  s eve re  
. ,; 
s t r i p i n g  of MSS band 6.  I n s t ead ,  MSS band 7,  t h e  o ther  i n f r a r e d  d a t a ,  
[ 
% 
band, was u t i l i z e d  i n  t he  r a t i o  t ransformation.  I' 8 b 
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F i g u r e  3-L. D i a g r a m m a t  i c  D e p i c t  i o n  o f  t h e  R i n n r y  P r o c e s s o r  I 
tl 1 i i s t o g r ; i m  ( r i g u r c  3 - 5 )  w a s  ~ e n c r ; l t c , ?  ' v  s ' a m p l i n g  n  p o r t i o n  o f  
ttic t r n n s f l l r m c d  imngca. T h r o r ~ ~ h  vist t .11 n n a l v s i s  o f  ttrc i l i s t o g r n m ,  two  
d i s t  i n r t  spc.ctr.11 . s i y n . l t u r c s  r e p r e s e n t  i n g  n n n u r b n n  a n d  u r h n n  1:ind c o v c r  
w c r c  i d c n t i i i r d .  tl t h r c s t i o l d  1 imi  t was  determined, d i v i d i n g  t h c  d i s t r i -  
t ~ i ~ t i n ~ ~  i r l t t \  t w o  d n t ; ~  rnny . tx s .  I n  p r c v i o u s  r e s e n r c \ i  (Rcfcrenc- t .  3-1) i t  
Ii.id hctln d c ~ t c ~ r r n i n t . d  t h a t  t h c  rlrbnri s p c - c t r n l  s i g n a t u r e  ( c h n r n c t e r i z ~ d  h v  
1 il:ht m.atcr i '11s =I:. 11 as c o n c r e t e )  wnc; c o n f  i n e d  t o  t h e  u p p e r  s p e c t r ; l l  
r.i:igc>, :Ind n o n r ~ r h n n  t o  tlit' 17wt-r r n q c e  ( w h e r e  d a r k - c o l o r c d  m n t r r f . i l s  
wc.rc p r c d o m i n n r i t  ). 
Rnscd  o n  t h e  n n n l v s  i  s o f  t t i c  h i s t  ogrnm.  t h e  r a t  i n - t r n n s f o r m c d  i m a g e  
w;is d iv i t lcv!  i n t o  two  r a n y , c s  o f  d n t ; ~ .  En(-11 r n n R c  was  symbolized t o  d e -  
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F i g u r e  3-5. A H i s t o g r n m  I lsed  I n  t'lc A n n l v s i s  of t h e  
R a t  i o  T r : ~ n s f o r r n a t  i o n :  MSS Rands  5 1 7  
F i g u r e  3-6. The R ina rv  C l a s s i f i c a t i o n  of t h e  R a t i o  
T rnns fo rma t  i on. F e a t u r e s  Dep ic t ed  i n  B lack  a r e  Urban 
Thc d i s t i n c t i o n  between u rban  and nonurban  l a n d  c o v e r  was n o t  
3 p a r t i c u l n r l v  e f f e c t i v e " .  Al though ma jo r  u r b a n  r e g i o n s  were  i d e n t i f i e d ,  
3 s i g n i f i c a n t  amount of nonurban  l and  was a l s o  e r r o n e o u s l y  i n c l u d e d  i n  
the u rban  c l a s s .  Consequen t ly ,  c l a s s i f i c a t i o n  based  on t h e  r a t i o  t r a n s -  
formntictn was n o t  u s e f u l  i n  t h i s  a p p l i c a t i o n .  
b .  An A . i c a t i o n  Based on E i g e n v e c t o r  -- - Datn, A ~ p l i c a t i o n  - 2. 
A secovd a t K m p t  t o  map t h e  d i s t r i b u t i o n  of  urbnn land  c o v e r  a round 
n r l a n d o  was i n i t i a t e d .  Tn t h e  second a p p l i c a t i o n ,  t h e  raw d a t a  were 
t r a n s f o r m e d  by t h e  i m p l e m e n t a t i o n  of  an  e i g e n v e c t o r  a l g o r i t h m .  Of t h e  
f o u r  d a t a  v e c t o r s  d e r i v e d ,  d a t a  v e c t o r s  1 and 2 ( F ' o u r e  3-7) were  used  
i n  t h e  c l a s s i f i c a t i o n  of  l and  c o v e r .  
I n  t h e  p r e v i o u s  mapping e x e r c i s e ,  one  i t e r a t i o n  of  t h e  b i n a r y  
p r o c e s s o r  was u t i l i z e d  t o  o b t a i n  a  l and  c o v e r  map. However, two i t e r a -  
t i o n s  were  r e q u i r e d  when e i g e n v e c t o r  d a t a  were  r l t i l i z e d .  One i t e r a t i o n  
of  t h e  b i n a r y  p r o c e s s o r  was implemented t o  remoL inv c o n f l i c t s  be tween 
t h e  s p e c t r a l  s i g n a t u r e s  o f  urbnn l a n d  and w a t e r .  
2 A ma jo r  c a u s e  of t h e  m i s c l a s s i f i c a t i o n  has been  a t t r i b u t e d  t 3  s i g n a l  
a t t e n u a t i o n  c a u : ~ > d  by  w a t e r  s a t u l a t e d  s o i l s .  The s i g n a l  a t t e n u a t e d  
t e q d s  t o  m o d ~ f y  t h e  nonurban  s p e c t r a l  s i g n a t u r e  i n  s u c h  a  manner a s  
t o  r e s c i A i e  u rban  s p e c t r a l  s i g n a t u r e s .  
F i ~ u r c  3-7. 771c. S e c o n d  D n t n  i ' c c t o r  o f  a n  f . : i gcnvec to r  
l r n n s f o r n n t i o n  
Histoy:rnmc; ( F i r , ~ ~ r r .  7-8) w c r c  %an11 l e d  f r o m  e i g o n v c c t o r s  1 a n d  2 .  
The d i s t r i b u t i o n  o f  c i g c n v o c t o r  1 was  u s e d  t o  .;c.pnrnte l a n d  f r o m  w n t c r ,  
:~nd  n m.tp d e p i c t  irrq t h o s e  f c n t l ~ r r ' s  wa.; p r n d r ~ c c d .  Ttlc w n t c r  f e a t u r e s  
m3ppc.d f r o m  v c c t n r  1 w r r c  q t l h t r a c t c d  f r o m  tlic' s e c o n d  e i ~ c n v c c t o r  i m a g e ,  
rt*mclvi I I ~  ~ r i v  c o n f  1 ict . ;  h c t w ~ , c , n  t t l c .  q p c c t r n l  sign;tturr..c. of w; l t c r  a n d  u r -  
b , ~ n  1.1ncf. Tllcn n  l l i q t  o g r . ~ m  wa.; .;amp1 t ~ i  f r o m  t11c scccmd d n t ; l  v ~ c t  o r ,  
. ~ n d  n  m . 1 ~  d c p i c - t  i n g  t h e  d i s t r i h ~ i t i  on o f  u r h n n  l a n d  cc7vt.r w a s  p r o d u c c d  
i n  t l ~ c l  114un 1 mnnnc l-. 
Sin , . , .  ttlc (;c>ok:r;~ptiv I ) i  v i s  i  on w n s  i n t c r c s  t c t i  i n  s e q u e n t i a l  m n p p i n ~  
for upd; l t  iny: purp ,v :c ls .  two  L i lndsa t  i m a g e s  ( 1 9 7  3 and  197')) w e r e  c l n s s l -  
f  ice! if-i :rlrc.s 3-9 a n d  1 -10) .  R c c n ~ ~ s c  t h e  rnw-rl;itn imnprs w r r c  r c g i s -  
tc.rcbd t o  the. p l . - - + i ~ i m + ~ t r i c  1 1 : 1 ~ + . .  n l  1  r r ~ s 1 1 1  t n n t  rnnns were r o n i s t c r c d  t o  t h e  
l>nscs ,qs wc.1 1 . ( : o n s c l n ~ l c n t  l v ,  maps d t - 'p ic- t  in? ,  r l i a n p c s  i n  t h e  d i s ' r  i h u t i o n  
o f  u r b a n  l a n d  c o v e r  c o u l d  hcb c a s i  l y  o h t n i n c d .  I l r h a n  pxpf lns  i o n  h e t w e e n  
l1r77 a n d  1 Q 7 5  h a s  h c c n  doc.umcntc.d i n  t h i s  mnnncr  ( F i g u r e  3 -11) .  
Tllc. prc)c .c~dr i~-rs  u t  i l  i z i d  f , , r  t l ~ c  p r c p ; \ r ; l t  i n n  nrld c l a s s  i f  i c n t i o n  o f  
L; indsnt  i n l age r?  t o  o h t ; l i r i  l : i - ~ d  , . o v e r  maps  h n v c  h c c n  c o v e r e d  i n  t h i s  
s e c t i o n .  11s n  r t a s i l l t  o f  t h e  ; i n n l v s i s ,  n  milp d c p i c - t i n y ,  t h e  d i s t r i h u t i o n  
o f  u r b a n  1:lnd i n  1 9 7 5  ( s c c  F i g r ~ r e  3-10)  h a s  b e e n  product3d.  T h a t  i m a g e  
ha:: Ijc>cn r l t i  l i ~ e d  a s  ;In image  d n t : ~  p l a n t  i n  t h c  TRTS m n p p i , ~ ~ ,  n p p l  i c n t i o n  
c o ~ ~ > r c d  i n  t h c  n e x t  s e c t i o n  c , i  t l l c  r c > p o r t .  
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Figure 3-8. Two Histo~rnms l'sed in the Annlvsis of Eigenvector 
1rn:tgcs 
Figure 3-9. The Binary Classification of the Second Data Vector of 
the Eigenvector Transformation, 1.973 
F i ~ u r c  3-10 .  lhv Rinarv C l ; ~ s s i f i ~ ; ~ t i c l n  o f  t l l o  Sc>cond 1);1t;1 \'cc.tor o f  
thta Yigc8nvc.rtc>r 'rr;~nsforrn;lt i on, 197') 
TECHNOLOGY APPLXCA'KtONS 1 
The Jet Propuls ion  Laboratory has  developed a complete mapping 
system designed t o  meet t h e  needs of  t h e  Geography Div is ion  of  t he  U . S .  
I Bureau of t h e  Census, The mapping system has  been designed f o r  t h e  pur- 
i 
'1 
pose of updat ing urbanized a r e a  boundaries  on maps covering major urban 1 0 
r eg ions  i n  t h e  United S t a t e s .  To ach ieve  t h a t  purpose, procedures need- 
I ed f o r  data-base management, urban land cover  mapping, and thematic  map genera t ion  have been designed as b a s i c  components i n  t h e  system. 
I 
The mapping system i s  based e n t i r e l y  on r o u t i n e s  contained i n  
e i t h e r  the, VICAR image process ing  system o r  t h e  Image-Based Information 
System (IBIS). The b a s i c  f e a t u r e s  of bo th  VICAR and IBIS used i n  t h e  
mapping system have been descr ibed i n  previous s e c t i o n s  of t h i s  ZGport. 
I n  t h i s  s ec t i on ,  a p p l i c a t i o n  tests us ing  t h e  mapping system wi l3 :be  
descr ibed .  
( I 
Three a p p l i c a t i o n s  of t h e  VICAR/IBIS-based mapping system were 
undertaken. These app l i ca t i ons  were s p e c i f i c a l l y  devised f o r  t h e  pur- 
pose of t e s t i n g  t h e  system des ign  and v e r i f y i n g  t h e  u t i l i t y  of t h e  
system fo r  mapping urbanized a r ea s .  To f u l l y  demonstrate t h e  complete 
f e a t u r e s  of t h e  JPL approach, t h e  u t i l i z a t i o n  of  d i f f e r e n t  p rocess ing  
schemes was emphasized i n  each a p p l i c a t i o n .  
I n  the f i r s t  mapping e x e r c i s e ,  urbanized a r e a s  w i t h h .  t h e  Orlando 
SMSA were mapped. A s  t h e  i n i t i a l  test  of t h e  system, b a s i c  data-base 
management procedures and mapping techniques were developed. The next  
test was implemented on d a t a  covering a p o r t i o n  of t h e  Sea t t l e -Eve re t t  
SMSA. Emphasis was placed on t h e  a b i l i t y  t o  u t i l i z e  land cover d a t a  
compiled by o t h e r  r e sea rche r s .  The f i n a l  mapping a p p l i c a t i o n  covering 
po r t i ons  of seven SMSAs around Boston, Massachusetts,  was t h e  most 
complex t e s t  o f  t h e  mapping syst:em. I n  t h a t  a p p l i c a t i o n ,  d a t a  p lanes  
were completed only when s e v e r a l  sma l l e r  d a t a  pl.anes were combined. 
A. MAPPING URBAN EXPANSION WITHIN THE ORLANDO SMSA 
The popula t ion  of t h e  Orlando SMSA has  s u b s t a n t i a l l y  increased  
s i n c e  the  1970 census. It i s  h igh ly  probable  t h a t  urbanized rrg5ons 
w i t h i n  t h e  SMSA have a l s o  expanded du r ing  t h a t  pe r iod ,  and, a s  a r e s u l t ,  
t he  urbanized a r e a  map compiled from 1970 census d a t a  r equ i r ed  r e v i s i o n .  
Through the implementation of VICAR and IBIS programs, information per- 
t a i n i n g  to  urban expansion was ga thered  f o r  map r e v i s i o n .  
1. Preparing t h e  Data Base 
I, " Derivat ion of the Orlando urban expansion map requi red  t h e  crea-  
t i o n  of a d a t a  base .  The d a t a  p lanes  comprising t h e  d a t a  base  were ob- 
t a ined  from many d i f f e r e n t  sourcer ,  s i n c e  complete in format ion  was n o t  
I a v a i l a b l e  from any one source.  Two prLmary d a t a  p lanes  d i r e c t l y  en t e r ed  
i n t o  t he  da t a  b a s e  were a census t r a c t  o u t l i n e  and a Landsat image. 
;I. Sc l tbc t  i n n  o f  t h e  P l n n i m c t r i c  Rn~c- .  The f i r s t  d e c i s i o n  r e q u i r e d  
----------------  - - - - - - - - -  - -----  
d u r i n g  tticx t ormnt  i n n  o f  t h e  d . l t n  hi~sc. ~ . i s  t h e  scll , .ct  i n n  o f  n  p l a n i i n c ~ t r i c  
h n s c .  Thz p l n n i m c t r i c  h'asc m u s t  h c  r e l n t i v e l v  d i s t o r t i o n  f r c c ,  o r  rnativ 
p r o b l e m s  wi  11 h c  c n c c ~ t i n t c r c d  whcn n t  t e m p t s  a r c  made t o  r c ~ i s t e r  o t l i c r  
d a t a  l a n e s  t.) i t .  R c c : ~ u s c  o f  this c n n s i d c r n t i o n ,  n p o r t i o n  of a 1,;lndsnt 
imqgc t  ( 1 2 7 ~ - 1 S ? H S ,  A p r i l  1 9 7 3 )  c c r v e r i n p  t h e  O r l a n d o  SHSA was s e l e c t e d  
t o  he  t h e  p l , ~ n i m c . t r i c  hnnc  f o r  t h i s  n p p l i c n t i o n  (Figure 4-1) .  A l l  o t h e r  
--a 
3 The O r l n n d o  SMSA c.nvt.rs a h o u t  4 , 9 0 0  s q u a r e  k i l o m c . t c r s  ( 3 , 0 0 0  s q i i n r e  
m i l e s )  and  is c o n t a i n e d  i n  n  r c ~ i n n  m c - n s u r i n ~  NO x 1 ? 0  k i l o m e t e r s  ( 50  
x 7.5 mi l c s ) .  S i n c e  I , n n d s ; ~ t  i m l g c ~ r \ ~  c a n  h r  c c m s i d c r c d  t o  h r  r n d l o m c t r i -  
cnl!v :lcc.urnccs f o r  a r c a s  o f  ~ h n t  s i z e ,  n o  s i ~ n i f ' i c : l n t  s p ; ~ t i a l  d i s t o r -  
t  i o n s  s t ioi i ld  h e  d e t r r . t r d  i n  nnv o f  t l l c  ti;lt;i p1;lnc.s i n c l i ~ d e d  i n  the. d; i tn  
I .  l.;~nds;lt: im:iy.cry !ins h c c n  s o l c ~ c . t  c d  n s  t11c p1:inimct r t  c h n s c  f o r  
:i1: t h r t v  Proic3c-t i lppl ic . : t t ions .  O t l ~ c r  d:ltn p l n n c s  s u c h  ;is n  tc>pogrnpht , -  
mnp c c ~ u l d  h c  uscad n s  n  ~ ) l n n i m c t r i c  h;lscb i  f  t i w v  ;Ire m n r r  d c s i r n h l c .  
F i  g u r t l  $ - I  . 'Tllc> 1'l:in i mc,tr i c -  R;l:;c> f o r  t l ~ c .  Or. 1 nndn S?fSt l  
d a t a  p lanes  i n c l u d i n g  a n o t h e r  Landsa t  image, a  census  t ract  o u t l i n e  
image, and a l l  o t h e r  d a t a  p l a n e s  d e r i v e d  through IBIS p rocess ing ,  were 
r e g i s t e r e d  t o  t h e  p l a n i m e t r i c  base .  
I' 4 i b. Forming t h e  Geore fe rence  Plane.  Anot,her impor tan t  d a t a  p lane  i n  t h e  d a t a  b a s e  was t h e  g e o r e f e r e n c e  p l a n e .  Because of t h e  Geography ~ i v i s i o n ' s  f a m i l i a r i t y  w i t h  census  t ract  d a t a ,  a L o g i c a l  c h o i c e  f o r  t h e  g e o r e f e r e n c e  image was a census  tract map. The geore fe rence  p lane ,  b a s e d  on census  o u t l i n e  d a t a ,  was n o t  d i r e c t l y  e n t e r e d  i n t o  t h e  d a t a  base .  Ra ther ,  i t  had t o  b e  genera ted  through IBIS  p r o c e s s i n g  s t e p s .  1 i 4 I n i t i a l l y ,  t h e  census  t r a c t  d a t a  were o b t a i n e d  i n  C a r t e s i a n  r e f e r -  
ence  form and had t o  be  t r a n s l a t e d  i n t o  image-based c o o r d i n a t e s .  Then 
t h e  c o o r d i n a t e  d a t a  were modi f i ed  t o  correspond t o  t h e  s u r f a c e  c h a r a c t e r -  
istics of t h e  p l a n i m e t r i c  base .  F i r s t ,  a l e a s t - s q u a r e s  s u r f a c e  f i t t i n g  
a l g o r i t h m  was implemented t o  o b t a i n  a  g e n e r a l  f i t : ,  a f t e r  which a s p a t i a l  
r e c t i f i c a t i o n  a l g o r i t h m  was invoked t o  remove any l o c a l  d i s t o r t i o n s .  
Once t h e  d e s i r e d  s u r f a c e  correspondence was achieved,  t h e  image-based 
c o o r d i n a t e s  were  t ransformed i n t o  image space ,  r e s u l t i n g  i n  t h e  genera- 
t i o n  of a n o t h e r  d a t a  p l a n e  ( F i g u r e  4 - 2 ) .  To v e r i f y  t h e  accuracy  of t h e  
s u r f a c e  f i t ,  t h e  census  t r a c t  image and t h e  p l a n i m e t r i c  b a s e  could be  
combined ( F i g u r e  4-3) . 
Once t h e  census  t r a c t  d a t a  was t ransformed i n t o  image space ,  t h e  
a c t u a l  geore fe rence  p l a n e  was c r e a t e d  by a s s i g n i n g  each census  t r a c t  a 
unique va lue  (g ray  tone) .  Tn t h e  Orlando SMSA, 1 0 1  census  t r a c t s  were 
i d e n t i f i e d  i n  t h i s  manner ( F i g u r e  4-4). It should be  no ted  t h a t  because 
t h e  g e o r e f e r e n c e  p l a n e  had been d e r i v e d  d i r e c t l y  from t h e  census  t r a c t  
o u t l i n e  d a t a  p l a n e ,  t h e  g e o r e f e r e n c e  p l a n e  was a l r e a d y  r e g i s t e r e d  t o  t h e  
p l a n i m e t r i c  base .  
To e s t a b l i s h  a  l i n k  between a g e o r e f e r e n c e  p l a n e  and o t h e r  forms 
of d a t a ,  an i n t e r f a c e  f i l e  was produced. The i n t e r f a c e  f i l e  i s  a  tabu- 
lar t y p e  of d a t a  f i l e  des igned  t o  c o n t a i n  p e r t i n e n t  in fo rmat ion  about 
each r e g i o n  i n  t h e  g e o r e f e r e n c e  p lane .  Bes ides  c o n t a i n i n g  t h e  l i n k i n g  
i n f o r m a t i o n  (g ray  v a l u e  codes)  f o r  each census  t r a c t ,  t h e  i n t e r f a c e  f i l e  
commonly c o n t a i n s  o t h e r  t y p e s  o f  d a t a  such a s  p o p u l a t i o n  coun ts ,  a r e a  
c a l c u l a t i o n s ,  and l and  c o v e r  a g g r e g a t i o n s .  
2. P r e p a r i n g  t h e  Thematic Data P l a n e s  
I n  t h e  Orlando r e s e a r c h  a p p l i c a t i o n ,  a  d e c i s i o n  was made t o  map 
urban expansion f o r  t h e  p e r i o d  1970-1975. Two d a t a  p l a n e s  were i n t e -  
g r a t e d  t o  produce a  map d e p i c t i n g  t h a t  theme. One d a t a  p lane ,  d e r i v e d  
4 ~ e n s u s  t r a c t  d a t a  used i n  t h e  Orlando a p p l i c a t i o n  was d i g i t i z e d  by t h e  
Geography Di.vision of t h e  U.S. Bureau of t h e  Census. The d a t a ,  s t o r e d  
w i t h  d a t a  f o r  o t h e r  SMSAs, was accessed  from a  d i g i t a l  t a p e  r e f e r r e d  
t o  as t h e  Urban A t l a s  F i l e  t a p e .  The d a t a  f i l e s ,  i n c l u d i n g  t h e  Orlando 
d a t a  f i l e ,  c o n t a i n  a r e c o r d  of census  t r a c t  i d e n t i f i c a t i o n  codes and 
d i g i t i z e d  c o o r d i n a t e s  o u t l i n i n g  each census  t r a c t  i n  t h e  SMSA. 
m m ~  FLORIDA $1- Klmnnal stamrxcu y* 
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F i g u r e  4-2. The Census T r a c t  Data Plai le f o r  t h e  ~ r l a n d b  SMSA 
from census  d a t a ,  r e p r e s e n t e d  urbanized a r e a s  i n  1970. Another d a t a  
p lane ,  o b t a i n e d  through a n a l y s i s  of Landsat  imagery,  p o r t r a y e d  urbanized 
l a n d s  f o r  t h e  l a t e r  d a t e .  ' 
a .  Forming t h e  1970 Urbanized Area Map. P o p u l a t i o n  d e n s i t y  i s  
I 
t h e  primary f a c t o r  cons ide red  by t h e  Geography D i v i s i o n  when d e t e r m i n i n g  i f  an a r e a  is  urban ized .  Genera l ly ,  i f  a n  a r e a  h a s  a  p o p u l a t i o n  d e n s i t y  
o f  a t  l e a s t  1090 peop le  p e r  s q u a r e  mile, t h e  a r e a  i s  cons ide red  t o  be 
u rbsn ized .  While o t h e r  f a c t o r s  a r e  a l s o  cons ide red ,  they  a r e  n o t  o f  
t major  concern  f o r  t h i s  s p e c i f i c  a p p l i c a t i o n .  A map of  u rban ized  a r e a s  
i i s  produced by d e l i n e a t i n g  a l l  a r e a s  t h a t  have been  d e s i g n a t e d  a s  u rban ,  
t = based on t h a t  c r i t e r i o n .  Usual ly ,  t h e  u rban ized  a r e a  map i s  e s t a b l i s h e d  i f rom d a t a  g a t h e r e d  a t  t h e  b l o c k  Level. 
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Figure. 4-3. Tlic I n t e ~ . , r ; ~ t i n n  of  t h c  Two D a t ; ~  P1;ines t o  C11ec.k 
R r g i s t r ; i t  ion Accurncy:  t h c  O r l . ~ n d o  SMSt l  
was implemented t o  modi fy  gr;iv v ; ~  l ucs  o f  t ~ ; l i ~ I i  r e g i o n  i n  thc* c e n s u s  t r a c t  
georc.ft.rence p l a n e  bv ,I f ~ i n c t  i o n  of t h a t  d: \ ta  d i v i s i o n .  Tlic r c ~ s u l  t ine ,  
map d e p i c t e d  u r l > , ~ n i z e d  r c ~ i o : i s  far  t h e  Or l ando  SPiSA i n  1970.  T h ; ~ t  
u r b a n i z e d  a r c , i  map, e s t a b  l i s h c d  frvm d;3ta g ; l thcrcd  a t  t h v  c e n s u s  t r a c t  
levtxl, was n o t  f i n c l v  d c t a i l c d  whcn c.omp:ired t o  t h e  t y p i c a l  u r b a n i z e d  
n r c n  maps compi lcd  b y  t h e  Burearl of  t h e  Ccnsrls. However, t h e  map d i d  
p r tx scn t  a  u s e f u l  r c f c r c n c e  p o i n t  f o r  d e l  i n e i i t i n g  u rban  g rowth .  
b .  Forming t h e  1975 I l rbnnizcd  Area Map. A map t v p i f v i n g  t h e  
-- -------- 
d i s t r i b u t i c l n  of  r ~ r b a n i z c d  l a n d  i n  t h e  Or l ando  SMSA d u r i n g  1975 was 
d e r i v r d  f  rom Lnndsa t  imagerv (1999-15091, Mav 1975) .  The 1,nndsat 
imne,r.rv were  a l s o  d n t n  p l a ~ ~ e s  i n t h e  Or l ando  d , ~ t ; l  b a s e .  Htlfore an urbnn- 
i z c d  a r c n  map ( F i g u r e  4 - 6 )  c o u l d  be  g e n e r a t e d ,  t h e  i m a ~ c r v  lind t o  be  
tr;insforrned t o  i n c r e a s e  i n f o r m a t i o n  c o n t e n t ,  and t h e n  a  b i n n r v  p r o c e s s o r  
was in ip len~ented  t o  c l a s s i f y  t h e  ciata .  Those p r o c e d u r e s  r e q u i r e d  f o r  
i n f o m a t i o n  enhancement  nnd c l a s ~ i f i c ~ ~ t i o n  have been  d e t a i l e d  i n  S e c t i o n  
3 .  
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i I ' A .  1 ' 1 1 ~  (ic'orc f l.rcnrca P l  ;\nt> f o r  t  hts O r l n n d o  SMSA 
1. S y ~ i t t i c . ; i s  o f  t h c  1)nr:l 1'l;lnc.s 
0nt.c. t  tit* tvcl Cllt\m:lt i c ~i; l t ; l  p l . l r l t , s  rcLprcr:i.nt i n g  r l rh; tn izcd l a n d s  i n  
I ' ) i O  . i ~ i ~ !  1 <); 7 isvtLr(l k:c>llc~;~ t  ~d , ;I new t  hi.m:~t i  1. d ; ~  t :I p  l ;In<. ( F i g u r e  4-7) 
~ ~ l ~ r t r ~ l y i r l ) :  u 13:ln c.sp;lnsiorl : , t ~ t w c ~ c ~ ~ l  1970 :111d 1 9 7 5  c o u l d  h c  p rodr lced .  VIP 
n lbw t lltlm;~t i c* d a t  an t*  w..ns d c ~ r i  vcd  tllror1y.11 t h c  s v n t h c s i s  o f  t h e  two 
i ~ i  i t i :I I rirtl:~i~  zed   ti:^ t A p 1 : I ~ C ? L :  . 
. I .  Y i  s r ~ ; ~  1 tlc-ui t  - \.. Ont. c .onscqr l t~ncc o f  i n t e g r n t  i n g  d n t n  n h t - l i n e d  
fron: .wo d i  f fc>rc>lit sor l r ( . t ' s  i~- t tc ,  ;I s i n g l t .  m;lp f o r m  i s  t h a t  d i f  f c r i n p ,  
.-;p;lt i  ;> 1 1-li;~r:ic't , r i s t  i c s  o f  t l l c  d ; ~ t ; t  bt>cnmc e v i d e n t  . The 1 9 7 0  d n t n ,  
1 ) ~ .  in}: .I r c s u l  t ;~rc ' ; l l  !:c.nclr:l 1 i z ; l t  i 0 1 1 ,  wc.1-c1 Llc, 1 i nc . ;~ tcd  ; i l o n g  c e n s u s  
t r i1c . t  h n u n d ; l r i c s  : ~ n d  ;~ppc..r t .d ,is ,I Ili:;hlv s i m p 1  i f  itld fcbn ture .  The 1 9 7 5  
d;l t : l ,   oh:;^ incd f rcm T.;lnds;lt i m ; l ~ : c r y ,  w c r c  o f  ;I much f  i r i c r  r c s o l  u t  i o n  a n d  
;ippc>;\rtd ;IS a 1iit:Ill v comp1t.s f e ; t t r l r c .  
'The n a t u r e  o f  d a t a  r c p r r s r n t : ~ t i o n  is c h i e f l v  n  f r ~ n c t i o n  o f  d i f f c r -  
i n g  modt.s of  d a t a  c o l l c c . t i n n  a n d  s y m h n l i z a t i o n .  P n p u l a t i n n  s t a t i s t i c s  
,in:] . ~ r c n l  m c ; ~ s u r t ~ m t ~ n t s  u s e d  i n  t h c  d e r i v a t i o n  o f  tlit. 1970  u r h n n i z e d  a r e a  
cr;lp w e r e  ncc-rlmul i i t cd  b v  c e n s u s  t r a c t .  B e c a u s e  cal  c u l n t e d  p o p r ~ l n t i n n  
d 1 . n ~  i t ?  v; \ lu t>s  L I S C ~  t o  d c f  in^ t l l c '  u r h a n / n n n r l r h a n  n a t u r e  o f  ;I t r a c t  d o  
-- urn (7 Mw: LIw:-m rf !W 
I - f i r :  K' PM:.~ F 1 9 ~  
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F i g u r e  4-5. The 1970 Urbanized  Area Map of  t h e  Or l ando  SMSA 
Der ived  From P o p u l a t i o n  D e n s i t y  S t a t i s t i c s  
n o t  i n d i c a t e  where t h e  u r b a n i z e d  a r e a s  a r e  d i s t r i b u t e d  w i t h i n  a  t r a c t ,  
t h e  o n l v  mean ingfu l  r e p r e s e n t a t i o n  o f  u rban  l a n d  i n  1970 was a t  t h e  
t r a c t  l e v e l .  C o n v e r s e l y ,  t h e  map d e p i c t i n g  u r b a n i z e d  a r e a s  i n  1975 was 
b a s e d  on t h e  a n a l v s i s  o f  Landsa t  imagerv .  Landsa t  d a t a  a r e  c o l l e c t e d  a t  
t h e  much f i n e r  r e s o l u t i o n  of  a n  80 x  60 m e t e r  g r i d .  The daca  a r e  n o t  
a g g r e g a t e d  b e f o r e  a n a l v s i s ,  and c a n  b e  d e p i c t e d  a t  t h a t  f i n e  r e s o l u t i o n  
i n  t h e  o u t p u t  p r o d u c t .  
b .  S t a t i s t i c a l  R e p o r t s .  I n  a d d i t i o n  t o  t h e  1970-1975 u rban  ex-  
p a n s i o n  map, a s t a t i s t i c a l  r e p o r t 5  of  u rban  e x p a n s i o n  was o b t a i n e d  as 
w e l l .  The r e p o r t  was d e r i v e d  th rough  t h e  imp lemen ta t ion  o f  v a r i o u s  I R I S  
p r o c e d u r e s .  F i r s t ,  t h e  l a n d  c o v e r  c o u n t s  f o r  e a c h  tvpe  o f  l a n d  c o v e r  
(nonurban,  u rban  i n  1970, and u rban  by 1975) were  t a b u l a t e d  bv c e n s u s  
t r a c t .  The t a b u l a t i o n  was o b t a i n e d  th rough  polygon o v e r l a y  of  t h e  the -  
m a t i c  map and t h e  g e o r e f e r e n c e  p l a n e  (o f  t h e  c e n s u s  t r a c t s ) ,  t h e n  pe r -  
c e n t a g e  c o v e r a g e s  f o r  e a c h  t y p e  o f  l a n d  c o v e r  were computed by c e n s u s  
t r a c t ,  and f i n a l l y  a  r e p o r t  was produced v i a  a  r e p o r t  g e n e r a t o r .  
5~11 s t a t i s t i c a l  r e p o r t s  a r e  i n c l u d e d  i n  Appendix 8. 
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F i g u r e  4-7. Ur1)an Expansion i n  t h e  Orlando SMSA f o r  t h e  P e r i o d  1970 - 
1975 
1. P r e p a r i n g  t h e  Data Base 
a .  S e l e c t i o n  of t h e  P l a n i m e t r i c  Base-. Because a t h e m a t i c  
1-and cover c l a s s i f i c a t i o n  of Landsat  imagery was a v a i l a b l e ,  t h e  Landsat  
image from which t h e  c l a s s i f i c a t i o n  was c r e a t e d  was a l o g i c a l  c h o i c e  f o r  
t h e  p l a n i m e t r i c  base  (F igure  4-8). A Landsat  image (1690-18245, June  
1974) and t h e  c l a s s i f i e d  scene d e r i v e d  from a 1975 Landsat  image (2182- 
18201, J u l y  1975) were p r e c i s e l y  r e g i s t e r e d  t o  a map base  where t r u e  
n o r t h  was d i r e c t l y  v e r t i c a l .  R o t a t i o n  due t o  s a t e l l i t e  t r a j e c t o r y  was 
removed and l o c a l  s u r f a c e  d i s t o r t i o n s  were minimized. A s  i n  VICAR and 
IBIS p r o c e s s i n g ,  t h e  imagery was p r e c i s e l y  r e g i s t e r e d  t o  a map base  w i t h  
t h e  implementa t ion of a s u r f a c e  f i t t i n g  r o u t i n e .  
I ~i~~~~ 4-8,  The planimetric Base for the Seattle-Everett SMS* 
! PAW p 
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b .  F o r n i n g  t h e  C e o r e f e r e n c e  P l a n e .  Tile ~ e o r c f e r c n c e  p l a n e  wan 
- ------ ----- 
p r e p a r e d  i n  t h e  u?:unl rn.inncr. ( ' t2nsus t r a c t  d a t a ,  o b t a i n e d  Cram a n  Urban 
A t l a s  f i l e ,  w e r e  r e g i s t e r e d  t o  t h e  p l a n f m e t r i c  b a s e ,  and n c e n s u s  t r a c t  
d a t a  ( F i g u r e  4-9) was c r r a t e d .  The c e n s u g  t r a c t s  w e r e  t h e n  
a s s i g n e d  u n i q u e  v a l u e s  ( g r a v  t o n e s )  t: fo rm t h e  ~ e o r e f e r e n c e  p l a n e .  
F i n a l  l v ,  a n  i n t e r f a c e  f i l e  was g e n e r a t e d .  
F i g u r e  4-9. The Census T r a c t  D a t a  P l a n e  O v e r l a y e d  011. ~ l i t .  i J . l a n i m e t r i c  
Base of t h e  S e a t t l e - E v e r e t t  SYSA 
' ? t  s h o u l d  be n o t e d  t h a t  s u n e  c e n s u s  t r a c t s  fn t h e  e a s t e r n  p o r t i o n  o f  t h e  
SMSA were  d e l e t e d  f r o r  t h e  q e o r e f e r e n c e  b a s e .  They w e r e  n o t  i n c l u d e d  
b e c a u s e  s a t e l l i t e  i m n g e r y  is  n o t  a v a i l a b l e  f o r  t h o s e  a r e a s .  
2 .  Preparing the Thematic Data Planee 
F o r m f n g 9 7 0  Urbanized Area Mal. AR in the Orlando a *  - - -  --- -------- 
experiment, the 1'470 urbanized art.3 map (Figure 4-10) was derived thtough 
a calculation of population dpnaitv. The population statistics, obtained 
from the 1970 census, were divided by J..B_I..?_lcu1ated area measurements 
for each census tract. 
Figure 4-10. The 1970 Urbanized Area Map of the Seattle-Everett SMSA 
Derived From Population Density Statistics 
b. Forming the 1975 Urbanized Area M z .  Instead of a JPL 
classification of the land cover, the land cover cl.~ssificatiorr of a 
Landsat Image recently completed by the USGS was ut:lized. Originally, 
twenty-one classes were included in the map. However, that level of 
detail was not needed for the Seattle-Everett application. The number of 
classes were reduced to thrse (urban, nonurban, and water) before the 
data plane was finalized (Figure 4-11). The pattern of urban land cover, 
the darkest tone, is clearly visible. 
Figure 4-11.  The 1975 Urbanized Area Map of the Seattle-Everett SMSA 
Derived From Landsat Tmagery 
3. Svnthesis of the Data Planes 
Once the 1970 and 1975 urbanized area maps were completed, they 
were combined as in the previous experiment. The result of the synthesis 
was a map depicting urban expansion between 1970 and 1975 (Figure 4 - 1 2 ) .  
The visual appearance of the map is q~lite similar to that for 
the Orlando SMSA. The 1970 distribution, based on areal measurements, 
is very generalized. The 1975 urbanized area additions are point-specific 
data derived from the more-finely resolvable Landsat data source. 
The USGS is still in a research mode for the generation of these 
.andsat-based land cover maps. However, when they are made available, 
the utilization of these maps as a data plane ~ 1 1 1  greatly reduce the 
processin? time required to generate urban expansion maps. Other data 
collecting and mapping ageqcies may also be able to supplement the 
Bureau of the Census with land cover maps for major urban regions. 
l:iRllrc3 4 -  12. Urhnn I:xpnnsion i n  t h e  S e n t t  l e - E v c r . e t t  SMSA 
fo r  t h c  P e r i o d  1970-1975 
( 
r 
3 -  , :,$ iC: 
4-17 , .. ; x , .r"'* 
pHECE3':~i2 PCGE B L f i s ~  
-- . + -.. - .  - A -  r* - . 
. - 
-r - - - 1 , > 1 _  7-- . _ .-_ ,_, - i l) --.4. 
* - - . r, .  .r* - -----i 
/ I  
:<I 
I % cc . 1 , 
C. MAPPING URBAN EXPANSION W I T H I N  THE BOSTON REGION 
For urban a r e a  ana lys i s ,  t h e  Rureau of t h e  Census o f t e n  r equ i r e s  
p r e c i s e  d e l i n e a t i o n  of t h e  urban f r i n g e .  Since ?he u t i l i z a t i o n  o'f popu- 
l a t i o n  dens i ty  va lues  measured by census t r a c t  can only be a t  bee t  a  
rough approximation of t he  urbanized hrea  boundary, t h e  Geography 
Divis ion must cons ider  o the r ,  more d e t a i l e d ,  geographic parameters f o r  
determining t h e  urban f r inge .  For t h e  a p p l i c z t i o n  covering t h e  Boston 
reg ion ,  t he  a c t u a l 1 9 7 0  urbanized a r e a  boundary w a s  d i g i t i z e d  and pro- 
cessed. The Boston a p p l i c a t i o n  represented  the  most complex of s i t u a -  
t i o n s ,  a s  seven SMSAS were included i n  t h e  s tudy reg ion ,  
fn s t ead  of providing maps of urban expansion f o r  f i n a l  products  
a s  i n  the  previous experiments, s e v e r a l  new products  were produced f o r  
t h e  Boston app l i ca t ibn .  The products  provided t h e  Bureau of t h e  Census 
w i t h  a v a r i e t y  of a n c i l l a r y  photoproducts wi th  increased  s p a t i a l  acu i ty .  
The products might be included w i t h  the d ig i ta l ly-processed  urban expan- 
s i o n  da t a  t o  enhance t h e  l o c a t i o n a l  f a c t o r s  of t hose  maps. The products  
could a l so  be  used w i t h i n  the  more t r a d i t i o n a l  framework of photointer-  
p r e t a t i o n  p rac t i ced  by t h e  Geography Divis ion t o  provide a  ceg iona l  base 
f o r  t h e i r  mapping app l i ca t ions .  
1: 
1. Preparing the  Data ~ a s e '  
i 
a .  Se l ec t ion  of t he  P lan imet r ic  Base. A s  i n  previous expgriments, i 
Landsat imagery was s e l e c t e d  f o r  t h e  p l an ime t r i c  base.  However, two 
Landsat scenes  (20829-14311 and 20829-14317, both imaged on Apr i l  30, 
1977) were combined t o  form t h i s  p l an ime t r i c  base.  The Boston s tudy  
region,  covering an extremely l a r g e  a rea ,  was contained i n  two sequen t i a l  
images. The images were i n t e r s e c t e d  t o  ob ta in  t h e  des i r ed  s tudy reg ion  
(Figure 4-13). 
I n  a n  at tempt  t o  a s se s s  t h e  e f f e c t  of new d a t a  formats  with t h e  I 
11 
upcoming Landsat 3  imzr~ery, t h e  s c a l e  of r e s o l u t i o n  f o r  t h e  planimetkic  I 
base was modified. Ins tead  of t he  normal 60 x 80 meter res , j lut ion,  t h e  
imagery was resampled t o  an e f f e c t i v e  r e s o l u t i o n  of 57 x 57 meters.  No 
major degradat ions were i n i t i a l l y  apparent  a s  a  r e s u l t  of t he  resampling. ' I
I 
b. Forming t h e  Georeference plane.  Po r t ions  of t he  seven SMSA re-  , 
gions  were included i n  t h e  Bos ton .s tudy , reg ion .  These SMSAs were ind i -  i 
v idua l ly  processed t o  form the  complete georeference plane.  Each SMSA , r C 
w a s  r eg i s t e r ed  t o  t he  p l an ime t r i c  base i n d i v i d u a l l y ,  s i n c e  d i s t o r t i o n s  
were a l o c a l i z e d  problem. S i x  complete SMSAs were included i n  t h e  d a t a  
4 
t i  base:  (1) Boston, (2)  Brocton, (3) Fitchburg-Leominster, (4) Lawrence- I! t 
Haverhi l l ,  (5) Lowell, and ( 6 )  Worcester. A p o r t i o n  of t h e  Pravidence I i 
SMSA was a l s o  included. i I 
I. ? 1 I 
1 A t  t h e  time of t he  1970 census,  some po r t ions  of t he  Boston reg ion  8 
i were not included i n  t h e  network of SMSAs along t h e  e a s t e r n  seaboard. ri I Census t r a c t s  and municipal 5oundaries  were added i n  those a r e a s  t o  5 
complete t h e  georeference plane.  This  a n c i l l a r y  d a t a  was d i g i t i z e d  from 
maps prepared by t h e  Geography Divis ion.  C lea r ly ,  t h e  census t r a c t  d a t a  
L I" --+ plane  (Figure 4-14) f o r  t he  Boston a rea  ,is very  complex. ' - I  
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Figure 4-14. The Census T rac t  Data Plane f o r  t h e  r; 
Boston Region I 11 
:i 
c. Forming t h e  1970 Urbanized Area Map. In s t ead  of  u t i l i z i n g  
populat ion dens i ty  va lues  t o  determine urbanized a r e a s  w i th in  t h e  Boston 'i 
region i n  1970, a new d a t a  p l ane  was included i n  t h e  d a t a  base.  The 1970 d 
urbanized a r ea  d a t a  plane was based on t h e  i nne r  l i n e  map developed by 
the Bureau of t h e  Census a f t e r  t h e  1970 census.  A l l  r eg ions  w i th in  t h e  
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i n n e r  l i n e  were  c o n s i d e r e d  t o  b e  u r b a n i z e d  i n  1970. Through a n a l y s i s  of 
t h e  1970 u r h a n l z e d  a r e a  d a t a  p l a n e  ( F i g u r e  4-15) i t  was n o t e d  t h a t  ur -  
ban ized  a r e a  b o u n d a r i e s  d i d  n o t  a lways  conform t o  s p e c i f i c  cenuus  t r a c t  
5 o u n d n r i e a .  
F i g u r e  4-15. The 1970 Urbanized  Area Map 
o f  t h e  B o s t ~ ) n  Region 
2 .  3 n t h e s l s  of t h e  D a t a  P l a n e s  
The f i n a l  p r o d u c t  from the Boston  a p p l i c a t i o n  was i n t e n d e d  f o r  
manual p h o t o l n t e r p r e t n t i o n  o f  urban  e x p a n s i o n  be tween 1970-1977. The 
1977 1,andsnt imngc used  t o  form t h e  p l a n i m e t r i c  b a s e  was mod i f i ed  t o  
h i g h l i g h t  t h e  a r e a s  u r b a n i z e d  by 1970 w i t h  a n  o r a n g e  t i n t  ( F i g u r e  4-16). 
With a  t y p i c a l  c o l o r  r e c o n s t r u c t i o n  o f  n Landsa t  image, u rban  r e g i o n s  
a re  c h a r a c t e r i s t i c a l l y  r e p r e s e n t e d  by tl 1 b l r e  t o n e s .  With t h e  
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i n t e g r a t i o n  of t h e  1970 urbanized a r e a  information,  only thoae urban 
a r e a s  t h a t  were n o t  considered urbanized i n  1970 r e t a i n e d  a t r u e  c o l o r  
r ep re sen t a t i on ,  a l lowing  imnediate  recogni t ion  of urban expansion s i n c e  
1970. 
D. SUMMARY 
The research  covered i n  t h i s  s e c t i o n  r ep re sen t s  the culminat ion 
of JPL's research  i n  suppor t  of t h e  Census-Urbanized Area P r o j e c t .  
Through t h e  u t i l i z a t i o n  of t he  mapping system developed a t  JPL, the  needs 
of t h e  Geography Div is ion  of t h e  Census Bureau can be s a t i s f i e d .  
Landsat imagery may be qu ick ly  c l a s s i f l e d  i n t o  urban and nonurban 
c l a s s e s .  Data f o r  1970 can be der ived a s  w e l l .  The va r ious  d a t a  planes 
can be combined t o  form the  map d e p i c t i n g  urban a r e a  expansion, and 
s t a t i s t i c a l  r e p o r t s  summarizing urban land cover changes can a l s o  be  ob- 
t a ined .  These maps may be displayed a t  any des i r ed  map s c a l e ,  because 
t h e  photorecorded image i s  e a s i l y  enlarged.  Conscquently, t h e  Bureau 
of t h e  Census geographer can a saes s  the  need f o r  r e v i s i o n  of enumeration 
d i s t r i c t  boundaries f o r  t he  upcoming census.  
SECTION V 
CONCLUSIONS 
A mapping system has 'been developed by  t h e  Jet Propuls ion Labora- 
t o r y  t o  s e r v e  the  needs of t h e  Geography Div is ion  of t h e  U.S. Bureau of  
t h e  Census. Through implementation of VICAR and IBIS programs, t h e  
b a s i c  components of t h e  system, t h e  Geography Div is ion  can o b t a i n  maps 
dep ic t i ng  many c h a r a c t e r i s t i c s  of t h e  urban environment. By i n t e g r a t i n g  
Landsat imagery wi th  more t r a d i t i o n a l  d a t a  types,  elements of urban 
expansion a r e  e a s i l y  i d e n t i f i e d .  The informat ion  depic ted  on such maps 
could b e  u s e f u l  f o r  i d e n t i f i c a t i o n  of urbanized a r ea  boundaries  and re- 
visgon o r  a d d i t i o n  of enumeration d i s t r i c t s  p r i o r  t o  t h e  1985 census.  
Depending on gu ide l ines  formulated 3y r h e  Geography Div is ion  f o r  
t h e  Census-Urbanized Area P r o j e c t , ' a  seq9Lence of image processing s t e p s  
can be designed t o  produce s p e c i f i c  maps o r  products  requested.  A 
v a r i e t y  of such products  have been presen ted  i n  t h i s  r e p o r t .  
1. Levels  of ~ e c h n b l o ~ ~  
I n  t h e  body of t he  r e p o r t ,  many maps anh"map-like products  have 
been u t i l i z e d  t o  r ep re sen t  i n t e rmed ia t e  s t e p s  i n  mapping processes .  
Consequently, t h e  a t t r i b u t e s  of t he se  maps have no t  been emphasized. 
However, i n  some in s t ances  t h e r e  may be s u f f i c i e n t  mapped information 
t o  be  u s e f u l  i n  updat ing urbanized a r e a  boundaries .  IBIS Rrocesses can 
b e  ca tegor ized  wi th in  a h i h a r c h i c a l  s t r u c t u r e  based on technology fo r -  
mulated f o r  a previous lev( t1  o r  l e v e l s .  While each h ighe r  l e v e l  i s  
based on more sophis t icate{,  d a t a  process ing  procedures,  t h e  t i m e  requi red  
f o r  map a n a l y s i s  a f t e r  data', p rocess ing  i s  shortened wi th  each techno- 
l o g i c a l  advancement. 
a .  Level 1: I :e Enhancement. The most b a s i c  approach t o  t h e  
problem of r e v i s i n g  ur'bar- ' a r e a  maps i s  through v i s u a l  a n a l y s i s  of 
color-enhanced Landsat ima; . A s  exemplif ied i n  t h e  Boston appl ica-  
t i o n ,  s u f f i c i e n t  information can be obtained from such imagery ( s ee  
F igure  4-13) t o  provide a t r a i n e d  geographer w i t h  the  d a t a  needed t o  
i d e n t i f y  urban regions.  When tlae 1970 urbanized a r e a  mask is  i n t e g r a t e d  
w i th  t he  s a t e l l i t e  scene ( see  F igure  4-16), assessments of urban expan- 
s i o n  can a l s o  be made. 
b.  Leve l  2: Addition of a Georeference Plane. The a d d i t i o n  of 
a georeference plane such a s  a census t r a c t  boundary image ( s ee  F i g y ~ e s  
4-9 and 4-15) can s imp l i fy  t h e  t a sk  of urban a r e a  a n a l y s i s .  Since t h e  
v i s u a l  s t imu lus  of t h e  census t r a c t  d a t a  is e a s i l y  a s s imi l a t ed  by t h e  
geographer, t h e  s p a t i a l  a spec t s  of t h e  s a t e l l i t e - image  phenomena can be  
more c l e a r l y  i d e n t i f i e d .  
c .  Leve l  3: Thematic Maps. A more s o p h i s t i c a t e d  approach t o  
urbanized a r e a  mapping i s  based on t h e  u t i l i z a t i o n  of land cover maps 
( s ea  Figure 4-11) produced through m u l t i s p e c t r a l  c l a s s i f i c a t i o n  of 
5-11 . 
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F i g u r e  5-1. C l ~ o r o p l e t h i c  Map o f  P o p r ~ l s t i o n  I k n s i t y  o f  t h e  O r l a n d o  3MSA 
The mapping system is  e a s i l y  adaptab le  t o  a t l a s  generat ion.  
S t a t i s t i c a l  d i s t r i b u t i o n s  can b e  ca l cu l a t ed  wi th  d a t a  s to red  i n  an incer -  
f a c e  f i l e ,  and t h e  georeference p l ane  can be  modified t o  depict: t h e  d a t a  
d i s t r i b u t i o n .  Gray tones  and p a t t e r n s  a r e  e a s i l y  s e l e c t e d  f o r  symboli- 
z a t i o n  of s p a t i a l  da t a .  
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B .  COST OF OPERATION ! i 
i j 
1, Main-Frame Sys t e m  ! 
The Geography Div is ion  i s  n a t u r a l l y  concerned wi th  t h e  expected 
c o s t s  of ope ra t i ng  any mapping system where Landsat: d a t a  i s  analyzed i n  
a d i g i t a l  mode. Se l ec t ed  program t imings f o r  t h e  t l l ree  mapping appl ica-  
t i o n s  completed dur ing  phase I of  t h e  Program a r e  included i n  Appendix 
C. It is  made ev iden t  i n  the  Orlando case,  where IBIS and non-IBIS pro- 
c e s s i n g  times a r e  i temized,  t h a t  IBIS d a t a  processing does n o t  s i g n i f i -  
c a n t l y  i nc rease  t h e  computer t i m e  expendkd i n  t h e  mappi~lg prccess .  The 
added b e n e f i t s  of t h e  products  der ived  through IBIS sof tware  should 
outweigh any increased  c o s t s .  
2. Minicomputer Systems 
A l l  d a t a  procese ing  descr ibed  was performed on an IBM 360-65 
computer l oca t ed  i n  t h e  Image Process ing  Laboratory (IPL) a t  t h e  Jet 
Propuls ion  Laboratory. Since t h e  Geography Div is ion  may have d i f f i c u l t y  
i n  access ing  a l a r g e ,  main-frame computer under normal ope ra t i ng  condi- 
t i o n s ,  t h e  op t ions  t h a t  u t i l i z e  a minicomputer system may be preferab le , ,  
During 1979, JPL completed mimicomputer vers ions  of VICAR and IBIS, 
These vers ions  of "mini-VICAR'' and "mini-IBIS" can b e  made avas l ab l e  t o  
t h e  Bureau of t he  Census o r  o the r  p o t e n t i a l  system u s e r s  upon a r eques t  
made t o  NASA-COSMIC. 
Although t e s t i n g  of t h e  mepping system with t h e  minicomp:lter 
system has n o t  begun, t h r e e  l i m i t i n g  f a c t o r s  about system c h a r a c t e r i s t i c s  
a r e  known. F i r s t ,  s i n c e  minicomputers do n o t  have l a r g e  d i r ec t - acces s  
memories, many d a t a  sets w i l l  r e s i d e  on p e r i p h e r a l  s t o r a g e  u n i t s .  Con- 
sequent ly ,  i npu t /ou tpu t  t imings w i l l  b e  increased a s  t he se  f i l e s  a r e  
t r a n s f e r r e d  t o  and from memory. Second, c e r t a i n  programs t h a t  a r e  b 
t 'compute-bound' w i l l  r e q u i r e  more time f o r  completion because t h e  c e n t r a l  i processing u n i t s  of most minicomputers a r e  slowe,': than main-frame de- 
t v i c e s .  The s p a t i a l  r e c t i f i c a t i o n  and r eg ion - iden t i f i ca t i on  r o u t i n e s  w i l l  be most a f f e c t e d .  Third,  t he re  w i l l  be c e r t a i n  l i m i t a t i o n s  t o  d a t a  set t 




The minicomputer approach o f f e r s  s e v e r a l  p rocess ing  advantages. 
The hands-on c a p a b i l i t i e s  of minicomputer systems w i l l  enable  f a s t e r  
p rocess ing  of da ta .  Routines t h a t  r e q u i r e  s e v e r a l  i t e r a t i o n s  t o  achieve 
d e s i r e d  r e s u l t s  w i l l  b e  completed more qu ick ly ,  a s  e r r o r s  a r e  i d e n t i f i e d  
and c o r r e c t i o n s  a r e  made dur ing  d a t a  process ing  se s s ions .  A l l  i n t e r -  
mediate  s t e p s  i n  a mapping procedure can be monitored. Consequently, 
back t r ack ing  usua l ly  caused by t h e  u n a v a i l a b i l i t y  of in te rmedia te  pro- 
d u c t s  can be  e l imina ted  i n  t h e  minicomputer mode. 
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p , AN IbNGE BASED INFORlbtGTICN SYSTEM: 
ARCHITECTURE FOR CORRELATING SATELLITE AND TOPOLOGICAL 
DATA BASES 
' \ 
N..4. Bryant and A.L. Zobrist 
i 
Geographic infomation systems should sa t i s fy  four basic c r i t e r i a  i f  
I 
ti.? a re  t o  be useful: 1) They should provide specific point locations, 
as well as area locations of data; 2) They should provide for  variable 
aggregation [sub-setting) of data; 3) They should provide a method for  
r , 
representing spa t ia l  arrangements; and 4) They should be able t o  interface 
with mathematical and statistical programs which can be called as needed 
t o  aid in the analysis of spatially-oriented data.' Practitioners of the 
i arc of gmcoded system design have progressed with varying & p e e s  of i 
i 
success towards the  goals outlined. As a rule, generalized systems have 1 
C only r i i m e ~ t a r y  data manipclation capability ( i  . e. , status updathg and 
I 
1 
1 ,  
i 
i interrogation by area),  while highly specific and spetial ized systems heve 
3 
I. . 
.. progressed further with modelliqg applications. 
In response t o  the  desire t o  access data fo r  seiscted areas, polygon 
and gr id  c e l l  geocoded i~foma%icn systems have been developed. S ~ c h  
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systems rely on the tabular formatting of the input data, a costly and I - i I 
I 1 ' time consuming process. Often the system falls into disuse because the 1 9 I 
1 updating of major segments of t).e data base beconies prohibitively expensive. 
L In rebpnse to the desire to provide up-to-date resource irrfonnation, 
,, i 1 
1 investigators have studied the feasibility of applying Landsat and high 
r 
, 
altitude photo imagery to natural resource mapping. The consensus which 
app&ars to be evolving is thac, while remotely sensed imagery can provide 
L> 
timely cowrage and sufficiaitly accurate mags using ADP techniques, the 
', \\ 
end producr ,is still a map that cannot interface directly with an existing 
geocoded information stonige 'and retrieval system. 3 
Data Management Considerations 
The ease with which an agency & establish a geographic infonation 
system is cdnstrained by the level of detail and the computer techology 
available. With geocoded data, there is a dramatic, increase in file size 1 i 
! 
with every added variable and increased resolution. Thus, a parcel level 
system for the City of Los Angeles consists of over 800,000 records, while 
I 
?nsus tract level system has less than 1,000. The use of newer genera- 1 
i i ! tion computers has only moderately improved the overall operation, as the 1 " major efforts are involved in both file generation and editing and computer i J 
l. 1 
t 1 software architecture. Frequently, urban infannat ion systems have become I i r $  
I 
rmdemtilized bekuse of high'maripower requirements for the in i t ia l  encoding 
;! 
of data and the h e w  expense invoxved. in updating. 'Land me character- 
is t ics have consistently been the rncst expensive data to hcoiporate in 
i t  information svstems. ~rimarily becauSe there has been no ,subsidy available. 
t o  the user in recording and preparing resource inventory data, such as 
occurs with demographic, economic, health, and assessor data sets. 4 
There are  a n h r  of ways to  encode spatial  data. It is possible, 
I 
howver, for  i l lustrat ion purposes, to  dichotomize referencing systems into 
nominal and ordinal, and data types into tabular, graphical, and image. 
Ordinal systems reference data by the actual geographical coordinate values. 
Thus, natural resources such as forests, rivers, crop lands, and geologic - 
foxmations are  mapped w i t h  selected identifiers ( to ta l  area, boundary, 
centroid) *referenced t o  latitude and longitude or  other selected geographic 
coordinate system. Nominal systems are "name referencing", i. e. , data or 
infomition is  referenced to  a name-designating system. Any d i s t r i c t  - 
based referencing convention, such as census t rac t ,  sewer d i s t r i c t ,  town- 
ship, or transpartation zone, assumes the operator hows where each 
administrative area is located and leaves the analysis of contiguity- 
6 effects,  etc. ,  up to  the individual. Problems invariable a r i se  during 
the computational processing involved in conversions between .ordinally and 
nominally referenced data and have, with the exception of the Census DIME 
(Dual Independent ?lap Encoding) File system, forced the conversion of a l l  
data to  one reference system or the other. 7 
i O f  equal concern t o  the designer of a geographic information system 
t 
is an incorporation of the various geocoded data types to  assure adeauate 
I. 
"data capturer1. I t  is only through the integration of tabular, graphical, I 
I. 
and image data types t h a t  geographic irifomation systems achieve the I 
synergistic impact required to offset  the i r  i n i t i a l  cost. For instance, 
tabular tabular f i l e s  may keep records of individual weather stat ions, 
while graphical f i l e s  record elevation contours, and image data sets the 
A- 4 
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distribution of land use. 'Ke combination of all three data types would 
'0 i 
pmvide analysts with the variety of spatial data needed to -1 altema- i I: 1 t i 
1 ? I 
tive sources of non-point source air pollution. The need to deliver a jT . '  i j 
d 
uniformly encoded r e d t  to the user has .been a key elemnt to changes 9 
t 
i 
that have occurred in both geocoding approaches and cnputer system archi- i 
8 I 1 t e c m  applied to geographic infomation systems. I 
i 
.4pproaches to Ceocoding 1 I 
I 
I If 
I There exist three principal goccoding architectures, which have evolved 4 1 
from simple grid cell systems to the conplex polygon methodologies, ud I I 
1 
1 
most recently include the h a p  raster data type (see Figure 1). 
METHOD 
-
COST CONS l DERATlON OVERAU, FLEXIS ILITY 
POLY CON: 
IMAGE RASTER: 
MANUALLY OPERATED SPATIAL RESOLUTION 
POOR, UPDATING r 





4 EXPENSIVE FOR LARGE CERTA l N OPERATIONS i 
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REQUIRES IMAGE NEITHER SCALE NOR 1 : 





FIGURE 1. Approaches to ~eocodhg 
11 
From several recent reviews, it is" evideat that the goals of geographic 
information systems have become more ambitious as faster computer systems 
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evolved and peripherals k c m e  more sophisticated. Grid cell methods 
sewe the need t o  retrieve gco-located data and g e n m t e  maps though the 
cross tabulation of variables encoded within particular cell. Several 
i i 
important drawbacks reduce the overall f l ex ib i l i ty  of gi id  cell systems: 1 
a) Their spatial resolution is only as accurate as the k i d  cell site 
(usually ranging from one acre t o  tm square miles); b) The systems permit 
the referencing of data in ei ther  a nominal or ordinal m e r ,  never both; * .  
C) The need for  manual encoding of the input data f i l e s  has made updating 
d i f f icu l t  an& even prohibitively expensive and effectively limited the 
spatial  resolution of giid ce l l s  to  satisfy the need to  achieve regional 
covenge . 
L In response to  the failings of grid c e l l  geocoding, polygon systems 
I 
pew as electronic coordinate digit izers became generally available. Poly- 
gon geocoding formats effect iw ly  solved the spat ia l  resolution di lema 
inherent with grid ce l l  formats, while coordinate digit izing hardware has 
9 * 
permitted rapid encoding of data. The most important achievement, however, 
was the integration of nominal and ordinal referencing in the Census DIME 
f i l e  rnethodblogy. l o  Despite these significant achievements, polygon geo- 
coding systems have l e f t  the problem of ordinal data updating unresolved 
i 
t 
and created new challenges inherent in the i r  graphical data structure. 1 These problem include: a) considerable co.qutationa1 expense associated 
with f i l e  editing; b) comylex topological archizectures t o  achieve efficient 
+ 
data extraction from en). given area;'' and c) large investments.in computer 
1 
I systems to achieve polygon overlay of separate f i l e s  for encoding or6inal 
data into nominal encoding formats (e. g . , acreage of land use for each 
census tract) .  > , b y  of these constraints can be mitigate:',. by the use of 
\ 
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an image raster encoding procedure and application of digital h g e  precess- 
ing algorithms to implement geographic infoxmation systan analyses. 
IBIS Data bfanagement 
- 1 
.I 
I Digital image processing techniques cam be applied to interface 1 
I 1 
1 existing geocoded data sets and information managanent systems with thematic i 
maps and remtely sensed imagery. The basic premise is that gcocoded data i 1 
sets can be referenced to a raster scan that is quiwrlent to an ultra- 4 ; 
Z 
fine mesh grid cell data set, and that images taken of thematic maps or I i 
f m n  r m t e  sensing platforms can k converted to a raster scan. Until I 
t 
i 
recently, the image f o m t  has been used primarily as a computer processable i F , 
1 
i 1 equivalent of a photograph, w i t h  the value stored in each cell of the image 
4 I 
representing a shade of grey or a color. But if the image is of a geo- i 
I j 






" **, Figure 2 illustrates the calculation of memory address of the data value il 1 ; 
il 1 
from a latitude- longitude pair. 4 1  ti 
I: ! 
The image datatype seems to be a powerful and general representation 
t 
for spatially distributed data, and the range of uses can be divided into 
several broad categories: lt 
/ 
Physical Atlalog: The pixel value represents a 'physical variable such as "? 1 
i 




District Identification: The pixel value is a numerical identifier for - 1 1  J 1 
F I"{ i 
L : the district which includes that pixel area. i i 
* 4 
I k I !  
Class Identificatioh: The pixel value is a numerical identifier for the { 4 
land use or land cover, or for any other area classification scheme. ' 1 
t 
I i 
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Tabular Pointer: The pixel value is a record pointer to a tabular record' 











of a set of points, or the distance to the nearest set of points. 
Line Identification: The pixel value identifies a line, or the nearest of 
a set of lines, or the distance to the nearest cf a set of lines. 
This range of uses required that the system be able to handle images 
I 
t composed of bards of varying length. For exanple, to identify census tracts i t 
in Los .Slgeles County requires 1500 different pixel values and elevation 
I 
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handled by photographic image processing systems. 
I 
1 - For each data type, the ovcniding consideration is usually getting 
I 
i 
*he data into the s y s t a  for  it is in t h i s  area where greatest costs and 
t dif f icu l t ies  are usually incurred. Figure 3 depicts data input as  o th& 
i 
I stage process. The f i r s t  stage, dld data capture, includes all opera- 
ii b 
t ions up t o  the point where a data f i l e  is canputer readable. Data capture 
costs are  enomus for  many basic kinds of data, for  example, demogmqhic 
and economic data gathered by the U.S. Bureau of the Census. These data 
a re  then made available on computer tape a t  nominal cost to  any user. 
I 
Another cormnon method of data capture is coordinate digit ization of 
boundaries or  l inear features from a map. The map is not computer compatible 
but the digi t izer  output is. b b u a l  photointerpretation (for emmple, 
manual determination of land use boundaries) is a comnon step prior t o  
coordinate digitizing. Landsat imagery is a particularly at t ract ive data 
source because it is already computer compatible and gives up-to-date 
coverage of large arezs a t  n o w 1  cost. Editing costs vary widely 
depending upon the nature of the data source. Refcmatting can also be 
Z 
a major operation where large data f i l e s  are  involved. A good example is i 
comrmnity analysis viiere data are gathered by various districtings (police, i 
! " 
f 4 k -: f i r e ,  sewer, census t rac t ,  etc.) but must be reformatted t o  a comnon f t i  I r district* so tha t  analysis can be performed (for example, t o  obtain 
5 
r wr police c a l l s  per capita). The findl stage of data input is t o  obtain a 
b 
S temporal baseline. For example, police calls in  1976 cannot be divided 
4 
a 
I by 1970 population t o  obtainja per capita figure because of a temporal 
difference . Establishing a temporal baseline involves proj ect ion and 
modelling of the i n i t i a l  data to  one or more cornon points of time. 
A-9 I 
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FIGURE 3 Data Input Stages 
IBIS Data Analysis 
Once a working data base is set up, provisions must be made for 
information retrieval, information analysis, and report generation. 
Operations here are usually of a m c h  smaller scale t b  data capture in 
terms of time and cost, but there is instead a question of flexibility 
and ease of use, and a question of system cost. All data analyses c m  be 
laid out as a sequence of primitive steps, thus, a functional requirement 
is that an adequate set of primitive operations can be implemented. 
Mathematical and statistical analyses of tabular files are well-mderstood, 
anci packaged systems can easily be interfaced. The open question is 
whether geo-based file computational steps can be implemented. Some 
3 
examples of these are: 1) Given a point and a district, does the point 
lie within the district. 2) Given a point and a district file, which 
A-10 
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district contains the point. 3) Given a particular district in a district 
file, what are its neighbors. 4) Given a district file an6 an area 
classification file, what are the acreages of each area classification in 
each district. 5) Given two district files, one major and on2 minor, what 
are the proporticns of each minor district in each major district. 6) 
Given a district file and a line segment, what are the mileages of the 
,i' line segment in each district. 7) Given a point p and a point file, what 
is the point in the point file nearest to p. 8) Given a point p and a 
point file, what is the distance from p to the nearest point in the point 
file. 9) Given a point and a line segment file, which line segment passes 
closest to the point. 10) Given a density map and a district file, what 
are the \rolumes in each district (spatial integral of density). 11) Given 
a district, what is the centermost point (an inside point which is farthest 
i 
from the boundary) . And for the connoisseur: 12) Given a district file, 
assign four color: to the districts so that a map can be produced with 
aclj acent regions always a different color. 
.me preceding list is just a sample of the sorts of spatial or geometric 
calculations which nerd to be performed by a comprehensive geo-base infor- 
mation system. More complex operations will usually be inplemented as a 
sequence of these primitive operations, but because of the magnitude of 
I 
1,' 
the data fileq'and because of iterat to modelling, c-te time can , 
lil 
be a serious problem. A method which solves one of thc primitive problem 
in 0.1 secohd may seem usable, but not if it has to be performed ten million 
times for a particular application. 
It is worth noting here that many of these operations are difficult 
and time consuning if the % b r a g  data base is in polygon or graphical 
fo-t (;.em , $%id ire specified by their end points a d  a district is 
given by a sequence "of l h e  segments). In particular, the opelation called 
polygon overlay which solves primitive problaps four and five is extremely 
difficult to perform on large files in graphical format. If the files 3re 
in Mage format, then polygon over2,ay I( becomes ?I a simple counting operation 
ii, (Figure 4). 13 
ii 
A different area of concern is the interfacing of nominal and ordinal 
geo-referenced files. ~i\rCn that part of the working data base *has been 
obtahed (or refomtted) into an ordinal format, the major p a n  of the 
data 3zse w i l T  probably still be in tabular fon.,. 4s ,m example, 1 , an air 
pollution density image might be interfaced with a population table to 
. 1 
obtain\..k>heasure of health effect. Speaking more generally, the system 
mat be able to perfonn operations on mixed Qta types, thus allowhg the 
myking data base to be built from raw data in its most natural fom. 
An operation of special 'importance is crosstabulation, mentioned 
previously in connection wi th  data management. It converts data aggregated 
by one district convention to an aggregation by another district convention. 
The operation itself is trivial since it involves mltiplytig by a set of 
factors which measure the percentage subareas of one districting in the 
1 other. The crnsstabulation factors are derived by polygon overlay and may 
F 
r 
p also be inodified by a density estimate of the variable being crosstabulated. 
I 
i:: 
A comprehensive systm should be able to represent district data sets in 
such a way that they can easily be updated and the factars tederived. This 




; i 1 $< 
! I2 in the working data base and quickly crosstabulated to whatever districting 
I 
\ 
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K x L PIXEL 
PAIRS 
FIGURE 4 Comparison of Polygon Overlay Techniques 
- 
I 
Because the image datatype is used, capabilities for digital inage i 
file handlbg, image manipulation, and image processing are required. Thus 
I 
the IBIS system has been built upon an existing dmg& processing system, 
VICAR (Video Image Communication and Retrieval), developed at JPL. 13 
Certain hsic ilage processing operations are absolutely essential. One 
must accomplish image-to-image registration, whereby images of different 
i 
scale, rotation, or map pro j ection are superimposed precisely enough so i 
i 
t,kt corsespondinp pixels represent the same geographic location. Rubber- + i 
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of accuracy. On other hand, it is anticipated that even esoteric huge  ' 
processing operations, such as c o n ~ ~ l u t i m  smwthhg w i l l  be useful for  
ceerin types of applications. The conclusion here is that  any w e -  
based information system must contain a powerful image processing siisystan. 
-- 
-- 
~ i m ~ l y ,  the system nrut be capable of computii&ims which w ~ l l  ~ l o w  ~ \ l  \d 11 
>I 
it t o  run a variety of models. The key here is the introductim of the 
image raster as a spatial  ' b t a  representation. Contiguity effects can 
i/ 
then be handled because ad j scent \\ax'eas are  cont i g u q  i n  the image raster 
(in tcxms of &ei?, computer address) whereas, with other f i le  representa- 
I /  
tions, adjacent areas are accessed by f i l e  searching. Basic operatims, 
such as spatial  integration with reporting by d i s t r i c t  a re  greatly simplified 
:I 
with an image representation. More esoteric models, say, inMlving c ~ l l u l a r  
,: 
it ransfomations or jdiffision processes m y  already use a matrix on n s t e r  
representation but w i l l  be helded by the synergism of placing their  r , 
specialized capabilities into a general and canprehensive data management i 1 
systm.  
\ 
' / C, 
S Y m  D~CZIF'TION t 
IBIS is presently resident on an IB4 360/65 system with one megabfle 
of core with interfaces t o  a large number of disks and tape drives t o  
1 
'. accomnodste the large f i l e s  associated with image processing technology. 
f 
6 
I The operating system is OS 3 6 0 m  and a l l  IBIS routines s re  designed to  




i twentieth of the to ta l  machine time, so t h i s  hardware configuration would 
I 
(1 
f be suitable f o r  a large scale data processing operation at  the national -. 
ievel. A mini-computer version is part ia l ly  complete. :Uthough the to ta l  
A-14 
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('1 
cost of an IBIS systen is high, the unit  cost of operation is low, 
e d b i a l l y  when campared te existing methods of performing the types of 
I 
tasks the system is intended for. 8 I )  
7 
fi The user rquest is given t o  the IBIS system by means of a language " c 
which is translated k ~ t o  the host stmachine job control language. The trans- 
I, lated code can then invoke system functions o r  processing modules." This 
organization d c e s  the system flexible and easily extendable. The systan 
software consists of a nunkr  of FORTRAN modules and a relative& mall 
nucleus. -411 of the factors mentioned here (&ar design, use of I 




The processing modules constitute a primitive s e t  of functions 
! 
aperating on the various datatypes to  f achieve the functional requirements 
%\ , t 
se t  out in the previous section. Figure 5 is a schematic l a h u t  of the 
central part of the IBIS system, emphasizing the interfaces between image, 
> 
P 
tabular, and graphical datatypes. 4 
The f i r s t  s e t  of routines conve2-t graphical (polygm) data f i l e s  t o  
digi ta l  image descriptions of regions or areas. 
I I 
I 
WRACTI, SWGM, VSClWEN - All three programs basically have the same 
C 
1 function, convert polygon f i l e s  described by x, y coordinates t o  a VICAR I 









especially designed fo r  the conversion of thousands of lines and has 
parameters for  chaining l ines and closure of polygons. 
FILL - F i l l s  holes, thickens l ines and/or removes noise with variable 
thresholds and window sized for  enhancment of scribed polygons prior 
to  P . m .  L 
PAINT - Converts an image with scribed polygons into a multi-color map where 
the DN corresponds to  a map color. The routine w i l l  handle up t o  
30,000 polygons or regions. 
I Moving from top t o  bottom in Figure 5, the VICAR image processing 
routines are next. .The KICU system presently has over 100 routines for  
the manipulation of images of varying ark length. O f  special interest  t o  
I 
modellers i s  the following routine. 
I 
F2 - P e r f o m  array arithmetic on a pair of images in byte or halfword 
fbmat.  The function t o  be applied is specified by a FORTRAN-like. 
expression. 
I 1 
2olygon information extraction routines perform the overlay operation 
on two se t s  of polygons, the reference polygon created in paint and digi ta l  
image data. Each pixel on the image f i l e  is matched with the corresponding 
pixel on the reference f i l e  and qtored by pixel pairs. The following 
r 
I programs are used in the overlay process. I , ? 
! L i 
, FOLYOtZY - Produce a histogram (or pixel count) or  registered images by i 
DN values for single pixels or a joint histogram by DN pairs as 
i 
gerxerated in the overlay procedure. Since the problem of storage is 1 ? 
\ t 
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t values in one af the tm, images are sum&. 1 
I 
L \ \  
L 
 he results of POLW and TALLY generate data files s t o A  by 
collmn. ~hc calm organized fiie is cal led4the interface f i l e .  ~s 
f i l e  serves a s  an interface between image and tabular data sets. The 
interface f i l e  is manipulated to  produce a zepozt by the following mutines 
4:) 
SCRT - Sorts the interface f i l e  into ascending or descending order 
/ 4 
according t o  one a r  more columns. i 1 
I 
AGGRG - Aggregates cotumrr of numbers using a designated colum as an 




AGGRG2 - Sumnarizes and collates columns of numbers t o  produce a single 
r o w  for each control value in the column which is used as  an index. 
blF " i ~  ?erfonns c o l m  arithmetic given an arithmetic expression in the 1 
parameter f i e ld  which denotes columns such as: 1 
Pk 1 
CROSSTAB - Tabulates information referenced t o  one polygon dis t r ic t ing to  
another polygon districting thmugh the polygon overlay technique . 
TR4NSFER - Change vertically ,aligned colr~rms of data as produced in - 
FQLYOVLY and used in previous routines to  smaller vqrtical columns i 
1 
,-> 
1 based upan data values (e . g . , land use) . .d 1 9 




I if :er  processing by the abcve routines, the  interface file i s  readv 
for  report generation. 
IrlPRIm - Prints out the interface f i l e  according t o  a relatively simple 
format. 
REPORT - Prints out the interface f i l e  with user spedified t i t l e s ,  
I! colrnm t i t l e s ,  paging, spacing, etc. Subtotaling on a given control 
column can be requested. There are numerous features for foxmatting 
and for printing alphabetic data. 
I 
To interface tabular f i l e s  and also to  give tape output as an I 
I alternative to  report generation,. the following mutines are used. 
L 
COPIN - Copies columns of a tape f i l e  into colurms of the intelface f i l e  
I according to  an index column in the interface f i l e .  The index must 
8 ,  I 
, , 
be present in the tape f i l e .  The f i l e s  n u s t  be sorted according to  
the index and a merge i s  perfozmed, 
COPOUT - The reverse of COPIN. Colrmms are written from the interface 
f i l e  t o  the tape. 
CONCLUSION : 
-. 
An image-based information system is necessary for the fu l l  ut i l izat ion 
! of sa te l l i t e  imagery data and anticipated development of regional land 
li 
1 .  
capability analysis centers. l4 The future availabil i ty of frequent updates 
I f 




accuracy, should permit the incorporation of t h i s  data with the annual up- 
I dates puu~isnru "7 u LarsA avvbA.u..w...-- bureaus. .An image bzsed information 
system does more than introduce remotely sensed , . imagery t,o the mainstream 
1 
1 
of data processing application; it plDVides a new appmoch to the naanagent ' 
and analysis of spat ially-referenced data. 
I! 
1 The projected demands tc! be placed upon geographic infomation 1 
i 
j 
systems will place a strong emphasis upon the capability to store and 
> 
i 
retrieve large amounts of data and manipulate data sets ior portions of 
1 
I the files efficiently. A major drawback facing most geocoding procedures 
is that they rely on squentkl computations applied to tabular data 
strings, and as such require a large investment in formatting or process- 
ing data that is inherently two-dimensional. Raster scan data bares will 
-- - 
avoid many of these problems and possess additional advantages. The video 
, 
comunications field has been and is continuing to address both the problems I 
i 
I 
1 of mass storage and applications of rapid interactive processing t!!t < 





requirements of geographic infomat ion systems should derive considerable 1 
, benefit from the image processing field in the future. 
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APPENDIX B 
SELECTED STATISTICAL REPORTS 
The t abu la r  repoq summarizing information s to red  i n  an IBIS 
I t "  k., 
data  base is a major f e a t u ~ e  of the  Image-Based Information System, 
These repor ts  may be u s e f u l  t o  the  Census Bureau geographer i n  de- 
termining areas  of urban expansion. 
Two repor t s  a r e  included i n  t h i s  appendix. The * f i r s t  r epor t  
is  a complete summary of urban land cover i n  1970 and 1975 f o r  the  
Orlando SMSA. The second repor t  is a l imi ted  summary of land cover 
i n  1970 and 1975 fo r  the  Sea t t  erett SMSA. Only those t r a c t s  
t h a t  were found t o  be nonurban i n  1970 have been l i s t e d .  
Table B-1. 
URBANIZED LAND COVER S I A T I S T I C S  FOR THE ORLANQ S n s A  
ORLANDO* F L O R I D A  
1970 AND 1975 
1970 S T A T t S T I C S  BASED ON THE 1970 CENSUS OF POPULATIO)( AND H b U S I l l C  ' 
1 9 7 5  S T A T I S T I C S  BASE0  ON URBAN CHANbE DETECTION FRUM LANDSAT I M A G L R I  
1970 POPULATION 
S T A l l S I I C S  
1970 URBANILEO 
L A N 0  COVER 
1975 URBAN I Z E O  
LAN0 COVER UI IBANIZEO LAM OWR 
--------------- S T A T I S T I C S  . S T A T I S T I C S  CHANCE BETYEW TOTAL --------__ -0----0------- 1970 AM0 I915 
CENSUS ACRES 
----------------Lo-- \ TRACT PER NUNBERS O E N S I  T Y 
NUMeER 
OF PER M I L E  





























1 9 7 0  POPULATION 
STAT1 ST lCS 1975 URBAN IZEO LANO COVER 
S T A T I S T I C S  
URBANIZE0 LAWD COVER 
CHANGE DETYEEN 
1970 AM0 1975 TOTAL 
ACRES NUMBER S DENS1 TY 
PER OF PER WILE : 
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6 
COMPUTER PROCESSING TIMINGS 
Ilhree t a b l e s  conta in ing  t imings of major cornpater p rocess ing  
s t e p s  f o r  t h e  t h r e e  Census-Urbanized Area ASVT a p p l i c a t i o n s  have 
been compiled.' Timings r e f e r  t o  d a t a  processing on an IBM 360-65 1 ?I 
l oca ted  a t  JPL. Both t he  e lapsed  t i m e  (wa,l,l-clock time) and t h e  i 1 
compute t i m e  ( c e n t r a l  p rocess ing  u n i t  time) have been t a l l i e d  i n  
minutes of execut ion.  
The t a b l e  summarizing the  Orlando a p p l i c a t i o n  is most d e t a i i e d ,  
and has  been d iv ided  i n t o  two segments, IBIS and VICAR process ing  1 !
i 
s t eps .  Prgcessing sumnaries f o r  t he  Sea t t l e -Eve re t t  and Boston appl i -  
I \1 I
ca t ions  have been l i s t e L  i n  t h e  sequence of execut ion.  
C I? .--> 
I , Table C-1. COMPUTER PROCESSING TIMINGS ORLANDO SMSA APPLICATION 
- \ 
-L .- E 'i,' F 4 
IBIS Processing Steps :, TIMING I N  MINUTES 
ELAPSED TIHE COMPUTE TI&" 
, 15.38-2, 2.87 1. General surface f i t  of census t r a c t  f i l e  t o  planimetric base . - . . . . . .  
, - 
11.40 4 -48 rl 2. Final  adjustmdnts t o  complete f i t  ( r u h b e r - s h e e ~ - ~ 2 .  . . . . . . . . . . .  
I @ 
. . . . . . . .  1 3. Region identif icati .on (formation of the  geo-reference piane) 32.99 11.22 
4. Process census t r a c t  centroid da ta  . . - . . . . . . . . . . . . . . . . . . .  21.17 2.05 
5. Polygon overlay of geo-reference plane ( t o  obtain 1970 area calculations) . 6.71 1.17 
/,= 6. Generate 1970 population s t a t i s t i c s  . . . . . . . . . . . . . . . . . . . .  1.58 0.25 
h -, 
YA 39.41 16.55 li 7. Generate 1970 urbanized a rea  map . . . . . . . . . . .  
~ i * * * ~ - * * * * *  
8. Generate 1970-1975 urban expansio3 map (data plane integration).  . . . . . .  23.31 3-13 
15.05 2.38 9. Polygon overlay of expansion map and geo-reference plane ( fo r  s t a t i s t i c s )  . I 
I ' 
'3 L. 
10. Derive s t a t i s t i c s  and repor t  (urban e q a n s i o n  1970-1975) . . . . . . . . . .  5.32 - 1.05 
. . . . . . . . . . . . .  . TOTAZI IBIS PROCESSING TIME 162.33 45.17 
(2: 42.33) (0: 45.17) 
VICAR Processing Steps TMING I N  MINUTES 
ELAPSED TIME COMPUTE TIHE 
. 1. Logging of 1973 Landsat imagery (planimetric base) . . . . . . . . . . . . . .  - 131.28 52-35 
2. Logging of 1975 Landsat 9pagery ( for  1975 urbanized land cover) . . . . . .  79.10 56.50 
3. Extraction of test area from 1973 imagery . . . . . . . . . . . . . . . . .  11.80 1.97 
- - 
. 
4. Registrat ion of 1975 imagery t o  1973 imagery (rubber-sheeting) . . . . . . .  - 40.04 7.98 
\ 
5. Eigenvector"transformations of 1973 and 1975 imagery . . . . . . . . . . . .  126.35 30.57 
6: Mask water bodies from eigenvector 2 of both 1973 and 1975 imagery 16.80 
2- 
. . . . .  4.62 
7. Mapping of urban/non-urban land cover f o r  both 1973 and 1975 imger)r. . . 24.73 4.75 
i) // 
. . . . . . . . . . . . .  . TOTAL VICAR PROCESSING T m  -430.10 
I 0 158.74 
+>: (7: 10.10) [Z? 38.74) 
TO-?AL PROCESSING TIME . . . . . . . . . . . . . . . .  592.43 203.89 




Table C-2. COMPUTER PR,O?ESSIEG TININGS SEATTLE-EVERETT SMSA APPLICATION 
-, 
. 
ELAPSED TIME COMPUTa TIME 
. . . . . . . . .  1. General s u r f a e ~  f i t  of census t r a c t  f i l e  t o  planimetric base 18.21 3-88 
. . . . . . . . . . . . . .  1 1 2. 'Final adjustmentq. t o  complete f i t  (rubber-sheetfng) 146.85 56.77 
. . . . . . . . .  3. Region i den t i f i c a t i an  (fornation of the geo-reference plane) 79.,;58 31.28 
. . . . . . . . . . . . . . . . . . . . . .  4. Process census t r a c t  centroid data 57.11 29.64 
5. Polygon overlay of geo-reference plane ( t o  obtain 1970 area calculations) . . . 3.34 2.12 
?L 
. . . . . . . . . . . . . . . . . . . . . .  6. Generate 1970 populatiop s t a t i s t i c s  1.48 0.31 
7. Generate 1970 urbanized area  rap . . . . . . . . . . . . . . . . . * . . . . .  41.83 12.56 
i 8. Extract 1975 land cover dzta from larger  c l a s s i f i c a t i on  image . .  : . . . . .  5.96 1-40 L . . . . . . . .  
e c3 9. Generate 1970-1y5 I -<  urban -- expansion map [data plhne integration) 62.00 22.09 
F I 1 .( 10. Polygon overlay L- .~@ansion map arid geo-reference plane (for s t a t i s t i & )  . . ';!, 28<0SL 6.35 : 
>',. 
*- 
11. Derive s t a t i s t i c s  a r ~ i  report:urban expansion 1970-1975 . . . . . . .  Y:. . . . .  5.58 1.62 ., . 
TOTAL PROCESSING TIME . . . . . .  ;. . . . - . . . . . . .  450.60 166.62 
(7: 30.50) , (2:46.62) 
t \\ r I \ L S  
I 
r . 2. 
- 
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